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IMAGE PROCESSING DEVICE, IMAGING
DEVICE, IMAGE PROCESSING METHOD,
AND PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of PCT International
Application No. PCT/JP2015/057275 filed on Mar. 12,
2015, which claims priority under 35 U.S.C. § 119(a) to
Japanese Patent Application No. 2014-71681 filed on Mar.
31, 2014. Each of the above applications 1s hereby expressly
incorporated by reference, 1n their entirety, into the present
application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to an 1mage processing
device, an 1imaging device, an image processing method, and
a program, and more particularly, to a multi-area white
balance processing technique.

2. Description of the Related Art

Multi-area white balance processing (heremafter, referred
to as “multi-area WB processing’) 1s white balance process-
ing (hereinatter, referred to as “WB processing’”’) that applies
different white balance gains (hereinafter, referred to as
“WB gains”) to each pixel or each area of one 1mage.
According to multi-area WB processing, even 1in an image of
an object 1 which light components are emitted from a
plurality of light sources to each pixel (each area) in diflerent
proportions, 1t 1s possible to accurately correct the color
(color balance) of each pixel (each area).

For example, 1n a case in which flash light 1s emitted to
capture a night portrait scene, an 1mage of a person 1s
captured while being aflected by flash light (for example,
light including a large amount of blue-wavelength light) and
the background (night scene) of the captured image 1s not
substantially aflected by the flash light and 1s affected by
other types of environmental light such as light from a
sodium lamp (light including a large amount of red-wave-
length light). In this case, 1t 1s necessary to apply a WB gain
for cancelling the influence of flash light to the 1mage of a
person 1n order to obtain a good person 1mage color (color
balance) using WB processing. It 1s necessary to apply a WB
gain for cancelling the influence of other types of environ-
mental light to a background 1mage 1n order to obtain a good
background color (color balance). Therefore, 1n a case in
which a common WB gain 1s applied to all of the pixels
forming an 1mage, 1t 1s diflicult to obtain both a good person
color (color balance) and a good background color (color
balance).

However, according to multi-area WB processing, a WB
gain applied to a person portion and a WB gain applied to
a background portion in one 1mage are changed. Therelore,
for example, the WB gain applied to each pixel 1s optimized
according to the degree of influence of flash light to obtain
both a good person color (color balance) and a good back-
ground color (color balance).

JP2012-165077A discloses a white balance control device
that can prevent a variation in a white balance control value
which 1s calculated using color information obtained from
an object region. The white balance control device detects
the object region from an 1mage, divides the 1mage nto a
plurality of regions, calculates color information indicating,
the representative colors of regions that overlap the object
region, and determines weights. Then, the white balance
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2

control device applies the weight determined for each region
that overlaps the object region to each color information

item, integrates the color information, and calculates a white
balance control value at which the representative color
becomes a target color from the integration result of the
color information and information about a predetermined
target color.

In some cases, 1image data and a WB gain are stored 1n
order to adjust the white balance of an 1mage after the image
data 1s stored.

For example, an 1imaging device disclosed in JP2009-
4893 A stores accessory imnformation required for a develop-
ment process and RAW 1mage data of a main image in a
storage medium and can perform auto white balance adjust-
ment when the development process 1s performed for the
RAW image data.

In addition, an i1mage processing device disclosed 1n
JP2008-109305A applies a first white balance coetlicient
value for a first light source to RAW 1mage data to generate
intermediate RAW 1mage data and stores information that
can specily a second white balance coeflicient value for light
sources other than the first light source as white balance
information so as to be associated with the intermediate
RAW 1mage data. In this way, 1t 1s possible to readjust a
white balance.

An 1imaging device disclosed in JP2011-71708 A performs
a color reproduction process for a RAW 1mage with a first
color reproduction parameter that 1s applied during 1maging
to generate a developed 1image and associates data related to
the first color reproduction parameter and data related to a
second color reproduction parameter which corresponds to
the color reproduction of an object under a light source
different from the first color reproduction parameter with
data of the developed image to generate an image file.
Theretfore, the first color reproduction parameter and the
second color reproduction parameter can be applied to a case
in which the developed 1image 1s retouched. For example, the
first color reproduction parameter makes 1t possible to
perform a process (reverse color reproduction process) that
restores the developed image to the state before the color
reproduction process and the second color reproduction
parameter makes 1t possible to perform a color reproduction
process for the image subjected to the reverse color repro-
duction process with the first color reproduction parameter.

SUMMARY OF THE INVENTION

As described above, 1n a case 1n which RAW 1mage data
1s developed subsequently, 1t 1s necessary to store both the
WB gain corresponding to the white balance settings during
imaging and the RAW image data 1n order to reproduce the
color (color balance) corresponding to the white balance
settings during 1imaging 1n the developed image.

Therefore, 1n a case 1n which general WB processing that
applies a common WB gain to all of the pixels 1s performed
for each of red (R) data, green ((G) data, and blue (B) data,
it 1s necessary to store “three types of WB gain data (=three
colors (RGB)xone type of WB gain)” corresponding to the
white balance settings during imaging together with the
RAW image data. In contrast, in multi-area WB processing,
different WB gains are applied to each pixel and 1t 1s
necessary to store different WB gains for each pixel. There-
fore, 1n a case 1n which the WB gains are applied to each of
the R, G, and B data i1tems, 1t 1s necessary to store “WB gains
corresponding to three colors (RGB)xthe number of pixels™
corresponding to the white balance settings during 1imaging
together with RAW 1mage data. For example, 1n a case in
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which a 16-megapixel (16 M=4609 pixelsx3456 pixels)
image 1s captured, 1t 1s necessary to store WB gains corre-
sponding to about 16,000,000 pixels (exactly, 15,928,704
pixels) in the multi-area WB processing. Therefore, in the
multi-area WB processing, 1f 1t 1s assumed that WB gains
corresponding to three colors (R, G, and B data items) are
required for each pixel, the amount of WB gain data 1s about
16,000,000 times (strictly 15,928,704 times) more than that
in the related art. In addition, even 1f a WB gain correspond-
ing to one color 1s required for each pixel, the amount of WB
gain data 1s about 5,333,333 times (strictly 5,309,568 times)
more than that 1n the related art.

As such, when the technique which stores the WB gain
corresponding to the white balance settings during 1maging
together with 1image data, such as RAW 1mage data, 1s
applied to multi-area WB processing, it 1s necessary to
ensure a large storage area for the WB gain data, which may
cause a storage capacity problem. In addition, there 1s a
demand for adjusting the white balance of 1image data, such
as RAW 1mage data, subsequently, using the multi-area WB
processing technique.

The invention has been made i view of the above-
mentioned problems and an object of the mmvention 1s to
provide a technique that can obtain image data subjected to
appropriate multi-area white balance processing subse-
quently while reducing required storage capacity.

An aspect of the mvention relates to an 1mage processing
device comprising: a gain acquisition unit that acquires a
white balance gain for each pixel of original 1image data; a
ratio acquisition unit that determines a white balance base
value and acquires a white balance ratio indicating a ratio of
the white balance gain to the white balance base value for
cach pixel of the original image data; and a processed 1image
acquisition unit that multiplies each pixel value of the
original 1image data by the white balance ratio to acquire
processed 1image data.

According to this aspect, the pixel value of the processed
image data 1s multiplied by the white balance base value to
obtain image data 1n which the white balance gain 1s applied
to the pixel value of the oniginal 1image data. In particular,
according to this aspect, 1t 1s not necessary to independently
store the “WB gains set for each pixel”. Therefore, 1t 1s
possible to accurately perform multi-area WB processing
that applies different WB gains to each pixel subsequently
while reducing required storage capacity.

The white balance base value can be an arbitrary value.
For example, the white balance base value may be a prede-
termined value or a value that 1s determined according to the
white balance setting mode when the original image data 1s
acquired. For example, 1n order to acquire processed image
data having pixel values whose diflerence from the pixel
values of the original image data 1s small, 1t 1s preferable that
the white balance ratio 1s close to “17, a pixel region in
which the white balance ratio 1s “1” 1s large, or the pixel
region 1n which the white balance ratio 1s *“1” 1s maximized
as compared to a pixel region 1n which the white balance
ratio has a value other than “1”. Therefore, the white balance
base value may be determined on the basis of the white
balance gain which 1s acquired for each pixel of the original
image data. Alternatively, the white balance base value may
be determined on the basis of, for example, the mean or
median of the white balance gains allocated to each pixel of
the original 1mage data.

Preferably, the image processing device further comprises
a light source type determination unit that determines a light
source type of the original image data. Preferably, the gain
acquisition unit acquires the white balance gain for each
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pixel of the original 1mage data on the basis of the light
source type of the original 1mage data determined by the
light source type determination unit.

According to this aspect, 1t 1s possible to accurately
acquire the white balance gain for each pixel of the original
image data on the basis of the light source type of the
original 1mage data.

Preferably, the image processing device further comprises
a light source type data acquisition unit that acquires first
image data indicating an influence of a first light source type
and second 1mage data indicating an influence of a second
light source type. Preferably, in a case in which the light
source types of the original 1mage data determined by the
light source type determination unit include the first light
source type and the second light source type, the gain
acquisition unit acquires the white balance gain for each
pixel of the original image data on the basis of the first image
data and the second image data.

According to this aspect, 1t 1s possible to accurately
acquire the white balance gain for each pixel of the original
image data on the basis of the first light source type and the
second light source type.

Preferably, the image processing device further comprises
a tlash 1mage acquisition unit that acquires flash emission
image data which 1s captured while flash light 1s emitted and
flash non-emission image data which 1s captured when flash
light 1s not emitted. Pretferably, the light source type data
acquisition unit acquires the first image data on the basis of
the flash non-emission 1mage data, using the first light
source type as environmental light, and acquires the second
image data on the basis of the flash emission image data,
using the second light source type as flash light.

According to this aspect, 1t 1s possible to accurately
acquire the white balance gain, considering the influence of
the flash light and the environmental light.

Preferably, the light source type data acquisition unit
includes: an environmental light gain acquisition unit that
acquires a white balance gain for environmental light which
1s set 1 a case 1 which the light source type of the original
image data determined by the light source type determina-
tion unit 1s environmental light; a flash light gain acquisition
unit that acquires a white balance gain for flash light which
1s set 1n a case in which the light source type 1s flash light;
and a flash influence degree acquisition unit that acquires a
first brightness value of each pixel of the flash non-emission
image data as the first image data, acquires a second
brightness value of each pixel of the flash emission 1mage
data as the second image data, and acquires a degree of
influence of flash on each pixel from the first brightness
value and the second brightness value. Preferably, the gain
acquisition unit acquires the white balance gain for each
pixel of the original image data from the white balance gain
for environmental light and the white balance gain for flash
light on the basis of the degree of influence of tlash.

According to this aspect, 1t 1s possible to accurately
acquire the white balance gain for each pixel of the original
image data on the basis of the degree of influence of flash
which 1s calculated from the brightness values of the flash
emission 1image data and the flash non-emission 1mage data.

Preferably, the ratio acquisition unit determines the white

balance base value on the basis of one light source type
which 1s included in the light source types of the original
image data determined by the light source type determina-
tion unit.
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Preferably, the ratio acquisition unit determines the white
balance base value on the basis of the environmental light of
the original 1mage data determined by the light source type
determination unit.

According these aspects, it 1s possible to simply deter-
mine the white balance base value on the basis of one light
source type (for example, environmental light) included 1n
the light source types of the original image data.

Preferably, the image processing device further comprises
a data recording umit that stores the processed 1mage data
and the white balance base value in a storage medium.

According to this aspect, when white balance processing
1s performed for the processed 1mage data, it 1s possible to
use the white balance base value stored in the storage
medium.

Another aspect of the invention relates to an i1mage
processing device comprising: a processed data acquisition
unit that acquires processed 1mage data, which 1s acquired
by multiplying each pixel value of original image data by a
white balance ratio indicating a ratio of a white balance gain
to a white balance base value, and the white balance base
value from a storage medium; and a white balance process-
ing unit that multiplies each pixel value of the processed
image data by the white balance base value to acquire
white-balance-adjusted 1mage data.

According to this aspect, 1t 1s possible to accurately
acquire the white-balance-adjusted 1image data 1n which the
white balance gain 1s applied to each pixel.

Still another aspect of the invention relates to an 1image
processing device comprising: a processed data acquisition
unit that acquires processed 1mage data, which 1s acquired
by multiplying each pixel value of original image data by a
white balance ratio indicating a ratio of a white balance gain
to a white balance base value that 1s determined on the basis
of a white balance setting mode when the original image
data 1s acquired, from a storage medium; a setting mode
acquisition unit that acquires information about the white
balance setting mode when the original image data 1s
acquired; a base value acquisition unit that estimates the
white balance base value on the basis of the information
about the white balance setting mode when the original
image data 1s acquired; and a white balance processing unit
that multiplies each pixel value of the processed image data
by the white balance base value estimated by the base value
acquisition umt to acquire white-balance-adjusted image
data.

According to this aspect, 1t 1s possible to accurately
acquire the white-balance-adjusted 1image data in which the
white balance gain 1s applied to each pixel.

A method for estimating the white balance base value on
the basis of the information about the white balance setting,
mode 1s not particularly limited. The base value acquisition
unit may analyze image characteristics, such as the color
distribution or the brightness distribution of the processed
image data, and estimate the white balance base value on the
basis of the analysis result.

Yet another aspect of the mvention relates to an 1mage
processing device comprising: a processed data acquisition
unit that acquires processed 1mage data, which 1s acquired
by multiplying each pixel value of original image data by a
white balance ratio indicating a ratio of a white balance gain
to a white balance base value that 1s determined on the basis
of a white balance setting mode when the original image
data 1s acquired, from a storage medium; a setting mode
acquisition unit that acquires information about the white
balance setting mode when the original image data 1s
acquired; a processing mode acquisition unit that acquires
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information about a white balance processing mode applied
to the processed 1image data; a base value acquisition unit
that acquires the white balance base value on the basis of the
white balance setting mode 1n a case in which the white
balance processing mode 1s determined to be the same as the
white balance setting mode on the basis of the information
about the white balance setting mode and the information
about the white balance processing mode and acquires the
white balance base value on the basis of the white balance
processing mode 1 a case i which the white balance
processing mode 1s determined to be different from the white
balance setting mode; and a white balance processing unit
that multiplies each pixel of the processed image data by the
white balance base value acquired by the base value acqui-
sition unit to acquire white-balance-adjusted 1mage data.

According to this aspect, 1t 1s possible to accurately
acquire the white-balance-adjusted 1image data 1n which the
white balance gain 1s applied to each pixel.

The “white balance processing mode™ 1s a white balance
mode for adjusting the white balance of the processed image
data and 1s not necessarily i1dentical to the white balance
setting mode when the original 1mage data 1s acquired. The
“white balance processing mode” 1s determined by an arbi-
trary method. The user may determine the white balance
processing mode or the image processing device may deter-
mine the white balance processing mode on the basis of, for
example, various conditions.

Preferably, the white balance setting mode 1s any one of
a preset white balance mode 1n which the white balance gain
1s preset, an auto white balance mode 1 which the white
balance gain applied to the original image data 1s determined
on the basis of color distribution information of the original
image data, and a custom white balance mode 1n which the
white balance gain applied to the original image data 1s
determined on the basis of color distribution information of
reference 1mage data which 1s different from the original
image data.

Preferably, the processed image data 1s RAW 1mage data.

According to this aspect, for example, when the processed
image data (RAW 1mage data) 1s developed, it 1s possible to
acquire the white-balance-adjusted 1mage data.

Preferably, the processed image data 1s uncompressed
image data.

Preferably, the processed image data 1s reversibly com-
pressed 1mage data.

Preferably, the processed 1mage data 1s irreversibly com-
pressed 1mage data.

It 1s possible to acquire the white-balance-adjusted 1image
data from the processed image data.

Still yet another aspect of the invention relates to an
imaging device comprising an imaging clement and the
above-mentioned 1mage processing device. The original
image data 1s acquired by the imaging element.

Yet still another aspect of the invention relates to an 1mage
processing method comprising: acquiring a white balance
gain for each pixel of oniginal 1mage data; determining a
white balance base value and acquiring a white balance ratio
indicating a ratio of the white balance gain to the white
balance base value for each pixel of the original image data;
and multiplying each pixel value of the original image data
by the white balance ratio to acquire processed 1image data.

Still yet another aspect of the invention relates to an 1image
processing method comprising: acquiring processed 1mage
data, which 1s acquired by multiplying each pixel value of
original 1image data by a white balance ratio indicating a
ratio of a white balance gain to a white balance base value,
and the white balance base value from a storage medium;
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and multiplying each pixel value of the processed 1mage
data by the white balance base value to acquire white-
balance-adjusted 1mage data.

Yet still another aspect of the invention relates to an 1mage
processing method comprising: acquiring processed 1mage
data, which 1s acquired by multiplying each pixel value of
original 1image data by a white balance ratio indicating a
ratio of a white balance gain to a white balance base value
that 1s determined on the basis of a white balance setting,
mode when the original 1mage data 1s acquired, from a
storage medium; acquiring information about the white
balance setting mode when the original image data 1s
acquired; estimating the white balance base value on the
basis of the information about the white balance setting
mode when the original 1image data 1s acquired; and multi-
plying each pixel value of the processed 1mage data by the
estimated white balance base value to acquire white-bal-
ance-adjusted 1mage data.

Still yet another aspect of the invention relates to an image
processing method comprising: acquiring processed 1mage
data, which 1s acquired by multiplying each pixel value of
original 1image data by a white balance ratio indicating a
ratio of a white balance gain to a white balance base value
that 1s determined on the basis of a white balance setting,
mode when the original 1mage data 1s acquired, from a
storage medium; acquiring information about the white
balance setting mode when the original image data 1s
acquired; acquiring information about a white balance pro-
cessing mode applied to the processed 1image data; acquiring
the white balance base value on the basis of the white
balance setting mode in a case 1n which the white balance
processing mode 1s determined to be the same as the white
balance setting mode on the basis of the information about
the white balance setting mode and the information about
the white balance processing mode, and acquiring the white
balance base value on the basis of the white balance pro-
cessing mode 1n a case in which the white balance process-
ing mode 1s determined to be different from the white
balance setting mode; and multiplying each pixel of the
processed 1mage data by the acquired white balance base
value to acquire white-balance-adjusted 1mage data.

Yet still another aspect of the invention relates to a
program that causes a computer to perform: a step of
acquiring a white balance gain for each pixel of original
image data; a step of determining a white balance base value
and acquiring a white balance ratio indicating a ratio of the
white balance gain to the white balance base value for each
pixel of the original image data; and a step of multiplying
cach pixel value of the original image data by the white
balance ratio to acquire processed 1image data.

Still yet another aspect of the ivention relates to a
program that causes a computer to perform: a step of
acquiring processed 1image data, which 1s acquired by mul-
tiplying each pixel value of original image data by a white
balance ratio indicating a ratio of a white balance gain to a
white balance base value, and the white balance base value
from a storage medium; and a step of multiplying each pixel
value of the processed image data by the white balance base
value to acquire white-balance-adjusted 1mage data.

Yet still another aspect of the invention relates to a
program that causes a computer to perform: a step of
acquiring processed 1image data, which 1s acquired by mul-
tiplying each pixel value of original image data by a white
balance ratio indicating a ratio of a white balance gain to a
white balance base value that 1s determined on the basis of
a white balance setting mode when the original 1image data
1s acquired, from a storage medium; a step of acquiring
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information about the white balance setting mode when the
original 1mage data 1s acquired; a step ol estimating the
white balance base value on the basis of the information
about the white balance setting mode when the original
image data 1s acquired; and a step of multiplying each pixel
value of the processed image data by the estimated white
balance base value to acquire white-balance-adjusted 1image
data.

Still yet another aspect of the imvention relates to a
program that causes a computer to perform: a step of
acquiring processed image data, which 1s acquired by mul-
tiplying each pixel value of original image data by a white
balance ratio indicating a ratio of a white balance gain to a
white balance base value that 1s determined on the basis of
a white balance setting mode when the original image data
1s acquired, from a storage medium; a step ol acquiring
information about the white balance setting mode when the
original 1mage data 1s acquired; a step of acquiring infor-
mation about a white balance processing mode applied to the
processed 1mage data; a step of acquiring the white balance
base value on the basis of the white balance setting mode in
a case 1 which the white balance processing mode 1s
determined to be the same as the white balance setting mode
on the basis of the information about the white balance
setting mode and the information about the white balance
processing mode, and acquiring the white balance base
value on the basis of the white balance processing mode in
a case 1 which the white balance processing mode 1is
determined to be different from the white balance setting
mode; and a step of multiplying each pixel of the processed
image data by the acquired white balance base value to
acquire white-balance-adjusted 1image data.

According to the invention, the white balance gain which
1s set for each pixel 1s reflected in each pixel value of the
processed 1mage data. Therefore, 1t 1s possible to obtain

image data subjected to appropriate multi-area white balance
processing subsequently while reducing required storage

capacity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front perspective view 1llustrating a digital
camera.

FIG. 2 1s a rear perspective view 1llustrating the digital
camera.

FIG. 3 15 a block diagram illustrating a control processing
system of the digital camera.

FIG. 4 1s a block diagram 1llustrating an example of the
functional structure of an 1mage processing unit according to
a first embodiment.

FIG. 5§ 1s a flowchart illustrating the flow of image
processing according to the first embodiment.

FIG. 6 1s a flowchart illustrating the tflow of image
processing according to a second embodiment.

FIG. 7 1s a block diagram 1llustrating an example of the
functional structure of an 1mage processing unit according to
a third embodiment.

FIG. 8 1s a block diagram 1llustrating an example of the
functional structure of an 1mage processing unit according to
a fourth embodiment.

FIG. 9 1s a block diagram 1llustrating an example of the
functional structure of a light source type data acquisition
umit and a gain acquisition unit according to the fourth
embodiment.

FIG. 10 1s a flowchart illustrating the flow of image
processing according to the fourth embodiment.
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FIG. 11 1s a flowchart 1llustrating a modification example
of the flow of the image processing according to the fourth
embodiment.

FIG. 12 1s a conceptual diagram 1illustrating the connec-
tion among a digital camera, a computer, a server, and a
portable terminal through a network.

FIG. 13 1s a block diagram illustrating an example of the
functional structure of an 1mage processing unit according to
a fifth embodiment.

FIG. 14 1s a flowchart illustrating the flow of 1mage
processing according to the fifth embodiment.

FIG. 15 1s a block diagram illustrating an example of the
functional structure of an 1mage processing unit according to
a s1xth embodiment.

FIG. 16 1s a flowchart illustrating the flow of image
processing according to the sixth embodiment.

FIG. 17 1s a block diagram illustrating an example of the
functional structure of an 1mage processing unit according to
a seventh embodiment.

FIG. 18 1s a flowchart illustrating the flow of image
processing according to the seventh embodiment.

FIG. 19 1s a diagram illustrating a modification example
of the flow of the image processing of the image processing
unit (see FI1G. 4) according to the first embodiment.

FIG. 20 1s a diagram 1illustrating a modification example
of the tlow of the 1mage processing of the 1image processing
unit (see FIG. 17) according to the seventh embodiment.

FIG. 21 1s a diagram 1illustrating the outward appearance
of a smart phone.

FI1G. 22 15 a block diagram illustrating the structure of the
smart phone illustrated 1n FIG. 21.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the mnvention will be described with
reference to the drawings. In the following embodiments, an
example 1n which the mvention 1s applied to a digital camera
(imaging device) will be described. However, the invention
can be applied to an 1mage processing device, an 1maging
device, an 1mage processing method, and a program, in
addition to the digital camera.

FIG. 1 1s a front perspective view illustrating a digital
camera 2 and FIG. 2 1s a rear perspective view illustrating
the digital camera 2.

The digital camera 2 comprises a camera body 3 and a
lens barrel 4 that 1s attached to a front surface of the camera
body 3. The lens barrel 4 and the camera body 3 may be
integrally provided or may be detachably provided as an
interchangeable lens camera.

In addition to the lens barrel 4, a flash light emitting unit
5 1s provided on the front surface of the camera body 3. A
shutter button 6 and a power switch 7 are provided on an
upper surface of the camera body 3. The shutter button 6 1s
an 1maging instruction unit that receives an 1maging instruc-
tion from a user. The power switch 7 1s a power switching
unit that rece1ves an instruction to turn on and off the digital
camera 2 from the user.

A display unit 8 which 1s, for example, a liquid crystal
panel and an operating umt 9 which 1s directly operated by
the user are provided on a rear surface of the camera body
3. The display unit 8 displays a live view 1mage (through
image) 1n an 1imaging standby state to function as an elec-
tronic viewilinder and functions as a reproduction image
display unit when a captured image or a memory-stored
image 1s reproduced.
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The operating unit 9 1s an arbitrary operating device, such
as a mode switch, a cross key, and an execution key. For
example, the mode switch 1s operated by the user to switch
the operation mode of the digital camera 2. Examples of the
operation mode of the digital camera 2 include an 1imaging
mode 1n which an 1mage of an object 1s captured to obtain
a captured 1image and a playback mode 1in which an image 1s
played back and displayed. _Jxamples of the imaging mode
include an auto focus (AF) mode in which auto focus is
performed and a manual focus (MF) mode in which a
manual focus operation 1s performed. The cross key and the
execution key are operated by the user to display a menu
screen or a setting screen on the display unit 8, to move a
cursor displayed on the menu screen or the setting screen, or
to confirm various types of settings of the digital camera 2.

A memory slot into which a main memory 10 1s 1nserted
and a cover that opens and closes an opening of the memory
slot are provided at the bottom (not 1llustrated) of the camera
body 3. The main memory 10 1s detachably provided 1n the
camera body 3. When the main memory 10 1s mnserted into
the camera body 3, 1t 1s electrically connected to a storage
control unit 33 provided in the camera body 3. The main
memory 10 can be generally a semiconductor memory, such
as a card-type flash memory. The main memory 10 1s not
particularly limited. For example, a recording medium of an
arbitrary storage type, such as a magnetic medium, can be
used as the main memory 10.

FIG. 3 1s a block diagram 1illustrating a control processing
system of the digital camera 2.

Object light passes through a lens umit 12 that 1s provided
in the lens barrel 4 and a mechanical shutter 20 that is
provided in the camera body 3 and 1s received by an 1maging
clement 21. The imaging clement 21 1s an element that
receives the object image and generates image data and
includes color filters, such as red, green, and blue (R, G, and
B) filters, and an 1mage sensor, such as a charge coupled
device (CCD) or a complementary metal oxide semiconduc-
tor (CMOS), which converts an optical image into an
clectric signal. For example, an automatic gain control
(AGC) circuit of a process processing unit 22 performs
process processing for image data that 1s output from the
imaging element 21 and an A/D conversion unit 23 converts
analog 1mage data into digital image data. The digital image
data 1s stored 1n a bufler memory 24.

The buffer memory 24 1s an area that temporarly stores
the image data and 1s, for example, a dynamic random access
memory (DRAM). The image data that has been transmitted
from the A/D conversion unit 23 and then stored in the bufler
memory 24 1s read by an image processing unit (1mage
processing device) 31 which 1s controlled by a system
control unit 25. The i1mage processing unit 31 performs
various types ol 1mage processing, such as a gamma cor-
rection process and a demosaic process, using the image data
generated by the imaging element 21 as mput 1image data,
and stores the 1mage data subjected 1image processing in the
bufler memory 24 again.

The image data which has been subjected to the image
processing by the image processing unit 31 and then stored
in the builer memory 24 1s read by a display control unit 35
and a compression and decompression unit 32. The display
control unit 35 controls the display unit 8 such that the image
data read from the bufler memory 24 1s displayed on the
display unit 8. As such, the image data which has been
output from the 1 1mag1ng clement 21 and then subjected to
the 1mage processmg by the image processing unit 31 1s
displayed as an imaging check image (post-view 1mage) on
the display unit 8.
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The compression and decompression unit 32 compresses
the 1mage data read from the bufler memory 24 to create
image data with an arbitrary compression format, such as
Joint Photographic Experts Group (JPEG) or Tagged Image
File Format (TIFF). The compressed image data 1s stored 1n
the main memory 10 by the storage control unit 33 that
controls a process of storing data in the main memory
(storage medium) 10 and a process of reading data from the
main memory 10. In a case 1n which a data type, such as
image data, 1s stored in the main memory 10, the storage
control unit 33 adds imaging information, such as editing
date and time information (update date and time 1nforma-
tion), or other kinds of related information to the data type,
on the basis of date and time information acquired from a
clock device 34 which will be described below. The imaging
information 1s added to the image data in any format. For
example, an exchangeable 1mage file format (Exit) can be
used.

In the playback mode in which the image data stored in
the main memory 10 1s played back, the image data stored
in the main memory 10 1s read by the storage control unit 33
that 1s controlled by the system control unit 25, 1s decom-
pressed by the compression and decompression unit 32, and
1s then stored in the bufler memory 24. The image data 1s
read from the bufler memory 24 by the display control unit
35 and 1s played back and displayed on the display unit 8 1in
the same order as that in which a captured image 1s checked
and displayed.

As described above, the system control unit 25 controls
the bufler memory 24, the image processing unit 31, and the
storage control unit 33. In addition, the system control unit
25 controls other units 1n the digital camera 2. For example,
the system control unit 25 controls a lens driving unit 27 to
control the driving of the lens unit 12 and controls a shutter
driving unit 26 to control the drniving of the mechanical
shutter 20. In addition, the system control unit 25 controls
the imaging element 21 to control the output of the image
data. Further, the system control unit 25 controls the flash
light emitting unit 5 to control the emission or non-emission
of flash light, and controls a power control unit 28 to detect,
for example, whether a battery 1s mounted on a power
supply 29, the type of battery, and a remaining battery level.
Furthermore, the system control umit 25 acquires the date
and time mformation which 1s counted by the clock device
34 and uses the date and time information 1n various types
of processes. In addition, the system control unit 25 controls
various processing units forming the image processing unit
31.

The system control unit 25 acquires an operation signal
from a user interface 36 including the shutter button 6, the
power switch 7, and the operating unmit 9 and performs
various types of processes and device control corresponding,
to the operation signal. For example, the system control unit
235 controls the shutter driving unit 26 to control the opening
and closing of the mechanical shutter 20 1n response to a
release signal received from the shutter button 6. Further-
more, the system control unit 25 controls the power control
unit 28 to control the turn-on and tune-oil of the power
supply 29 1n response to a power on/ofl signal received from
the power switch 7.

Programs or data types required for various types of
processes and device control performed by the system
control umt 25 are stored i a control memory 30. The
system control unit 25 can read the programs or the data
types stored 1n the control memory 30, 1f necessary. In
addition, the system control unit 25 can store a new program
or a new data type 1n the control memory 30. For example,
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the system control unit 25 can write condition data, such as
the type of set white balance mode (hereinafter, referred to
as a “WB mode”) or a WB gain, to the control memory 30.
The system control unit 25 can control the display control
unit 35 such that various kinds of information acquired from
cach unit are displayed on the display umit 8. In addition, the
system control unit 25 can change various kinds of infor-
mation to be displayed on the display unit 8, in response to
an operation signal which 1s input from the user through the
user interface 36.

Next, for WB processing for the oniginal image data
acquired by the imaging element 21, an example of 1image
processing will be described.

In each of the following embodiments, an example 1n
which “RAW image data” that has been output from the
imaging element 21 and passed through the process pro-
cessing unit 22 (process processing) and the A/D conversion
umt 23 (A/D conversion process) 1s input to the image
processing unit 31 through the bufier memory 24 and 1s used
as origmal 1mage data and processed image data will be
described. Therefore, the demosaic process of the image
processing unit 31 for the following original 1mage data and
processed 1mage data (RAW i1mage data) 1s skipped. The
original 1mage data and the processed image data are not
limited to the “RAW image data” and the same image
processing can be performed for image data with any other
formats, such as a JPEG format and TIFFE.

In general, there 1s a type of digital camera that can store
RAW image data which 1s “image data before image quality
processing”’ or “image data subjected to only 1image quality
processing (for example, lens shading correction) caused by
an 1maging system” 1n a storage medium (main memory 10),
instead of or 1 addition to a processed image such as a JPEG
image subjected to 1mage quality processing. The storage of
the RAW 1mage data makes it possible for the user to
perform 1mage quality processing and a development pro-
cess for the RAW i1mage data subsequently, using RAW
development software, and to obtain 1mages with different
image qualities, without taking a picture again. In a case 1n
which the RAW 1mage data 1s stored in the storage medium,
the digital camera also stores information (for example,
information about imaging conditions and the type of digital
camera) required to develop the RAW image data in the
storage medium. A method for storing the “RAW 1mage
data” and “information data required for development” is
not particularly limited. Data in which information data
required for development or other information 1s added as
tag information (meta data) to the “RAW 1mage data” may
be stored 1n the storage medium. In the following embodi-
ments, data in which tag information (meta data) 1s added to
RAW image data 1s referred to as “RAW data”.

A compression format of the processed image data to be
stored 1n the main memory 10 1s not particularly limited. The
processed 1mage data may be uncompressed image data,
reversibly-compressed 1mage data, or 1rreversibly-com-
pressed 1mage data. In a case 1n which the processed 1mage
data 1s RAW 1mage data, a development process may be
performed before WB processing (see a “white balance
processing unit (WB processing unit) 62 which will be
described below) or after the WB processing. In a case 1n
which the processed 1mage data 1s compressed 1mage data
(reversibly-compressed image data or 1rreversibly-com-
pressed 1mage data), 1t 1s preferable that a decompression
process 1s performed before WB processing (see the “WB
processing unit 627 which will be described below). The
development process and the decompression process may be




US 10,021,361 B2

13

performed by, for example, a processed data acquisition unit
60 which will be described below.

First Embodiment

An 1mage processing unit 31 according to this embodi-
ment acquires a base WB gain (hereinafter, referred to as a
“white balance base value (WB base value)”) and a WB gain
which 1s suitable for each pixel forming the original image
data and multiplies each pixel value of the original image
data by the ratio of the WB gain suitable for each pixel to the
WB base value to acquire processed 1mage data.

FIG. 4 1s a block diagram 1llustrating an example of the
functional structure of the image processing unit 31 accord-
ing to the first embodiment. The 1mage processing unit 31
according to this embodiment includes a gain acquisition
unit 40, a ratio acquisition unit 42, and a processed 1image
acquisition unit 44.

The gain acquisition unit 40 acquires a WB gain for each
pixel of the original image data. The ratio acquisition unit 42
determines a WB base value and acquires a white balance
ratio (heremafter, referred to as a “WB rati10”) indicating the
ratio of the WB gain to the WB base value for each pixel of
the original 1image data. The processed 1mage acquisition
unit 44 multiplies each pixel value of the original image data
by the WB ratio to acquire processed image data. The
processed 1mage data 1s output from the processed image
acquisition umt 44 (1mage processing unit 31) and 1s stored
in the main memory 10 through the bufler memory 24, the
compression and decompression unit 32, and the storage
control unit 33 (see FIG. 3). As such, 1n this embodiment, the
storage control unit 33 functions as a data recording unit that
stores the processed 1mage data 1n the main memory (storage
medium) 10.

An example of the content of the process of the image
processing unmt 31 1s referred to in the following embodi-
ments (for example, a third embodiment and a fourth
embodiment).

FIG. 5§ 1s a flowchart illustrating the flow of i1mage
processing according to the first embodiment.

First, the gain acquisition unit 40 acquires a WB gain that
1s most suitable for each pixel of the original image data (see
S11 1n FIG. §).

Then, the ratio acquisition unit 42 acquires a WB base
value (S12) and acquires a WB ratio indicating the ratio of
the WB gain acquired by the gain acquisition unit 40 to the
WB base value for each pixel of the orniginal image data
(S13). For example, in a case 1n which the WB base value
1s represented by “WBbase”, the WB gain suitable for each
pixel of the original 1image data 1s represented by “WB_1j
(where “1” indicates an X-axis value and *9” indicates a
Y-axis value 1n a case in which a pixel position 1s repre-
sented by the X-axis value and the Y-axis value)”, and the
WB ratio 1s represented by “WDBratio_1j (where “1” indicates
an X-axis value and *“1” indicates a Y-axis value 1n a case 1n
which a pixel position 1s represented by the X-axis value and
the Y-axis value)”, the WB ratio “WBratio_11” can be
represented by the following Expression 1.

WBratio_ij=WB_{;/WBbase [Expression 1]

Then, the processed image acquisition unit 44 multiplies
cach pixel value of the original image data by the WB ratio
to acquire processed image data (S14). For example, 1n a
case 1 which the pixel value of the original 1image data 1s
represented by “V_11 (where “1” indicates an X-axis value
and “1” indicates a Y-axis value 1n a case in which a pixel
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value)” and the pixel value of the processed 1mage data 1s
represented by “P_17 (where *“1” indicates an X-axis value
and “1” indicates a Y-axis value 1n a case in which a pixel
position 1s represented by the X-axis value and the Y-axis
value)”, each pixel value “P_17” of the processed image data
can be represented by the following Expression 2.

P 11 = V_1jX WDBratio_i; |Expression 2]

= V_11XWB_1)/WBbase

Then, the processed image data 1s output from the image
processing unit 31 (processed 1image acquisition unit 44), 1s
transmitted to the storage control unit 33 through the bufler
memory 24 and the compression and decompression unit 32
under the control of the system control unit 25, and 1s stored
in the main memory 10 by the storage control unit 33 (S15).
In this embodiment, the WB base value determined by the
ratio acquisition unit 42 is not stored 1n the main memory 10.

As described above, according to this embodiment, the
processed i1mage data having the pixel value P_17 (see
Expression 2) in which the WB gain WB_ 17 suitable for each

pixel 1s retlected 1s stored in the main memory 10. Therefore,
it 1s possible to obtain 1mage data (pixel value K_17 (where

“1”” indicates an X-axis value and *“1” indicates a Y-axis value
in a case in which a pixel position 1s represented by the
X-axis value and the Y-axis value)”), to which the WB gain
suitable for each pixel 1s applied, just by reading the
processed 1mage data from the main memory 10 and mul-
tiplying each pixel value P_1j of the processed image data by
the WB base value WBbase, as shown in the following

Expression 3.

K_ 11 =P yyx Wbbase |Expression 3]

= V_1XWB_1j/ WBbase X WBbase

— V_l] X WB_IJ

Therefore, even 1 the processed image data 15 RAW
image data, 1t 1s possible to simply obtain 1mage data, to
which the WB gain suitable for each pixel 1s applied, just by
the execution of the process represented by Expression 3 by
RAW development soitware that 1s used during a develop-
ment process (see a fifth embodiment (FIG. 13) which will
be described below). As such, since the processed image
data 1n which the WB gain suitable for each pixel 1s retlected
1s stored in the main memory 10, 1t 1s possible to obtain
image data subjected to appropriate multi-area WB process-
ing subsequently.

In this embodiment, the WB gain suitable for each pixel
1s reflected in each pixel value of the processed image data
stored 1n the main memory 10 and 1t 1s not necessary to store
the “WB gain for each pixel” separately from the processed
image data. That 1s, 1n this embodiment, when the WB base
value 1s stored together with the processed 1image data, 1t 1s
not necessary to store the WB gain set for each pixel.
Therefore, it 1s possible to obtain 1mage data subjected to
appropriate multi-area WB processing subsequently, using
the amount of data stored that 1s substantially the same as
that 1n a case 1n which the WB gain for each pixel 1s not
stored. As such, according to this embodiment, 1t 1s possible
to significantly reduce the amount of data to be stored, as
compared to a case 1n which the “WB gain suitable for each
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pixel” 1s stored separately from the processed image data,
and to eflectively prevent an increase 1n the amount of data

stored.

In some cases, the amount of correction 1n a lens shading
correction process or an 1maging correction process varies
depending on the pixel position of an 1image. However, since
these processes are correction processes depending on the
settings of the digital camera 2 during 1maging, an increase
in the amount of data stored can be prevented by, for
example, a technique that creates a function for the correc-
tion process 1n advance. However, the “WB gain suitable for
cach pixel” in the multi-area WB processing varies depend-
ing on the scene to be captured. Therefore, 1t 1s difhicult to
create a function for the multi-arca WB processing 1n
advance, which 1s likely to cause an increase in the amount
of data stored. In contrast, according to this embodiment, 1t
1s possible to obtain the eflect of the multi-area WB pro-
cessing using a simple process, with little increase 1n the
amount of data stored.

Second Embodiment

In this embodiment, the detailed description of the same
or similar structure and operation as those i1n the first
embodiment will not be repeated.

An 1mage processing unit 31 according to this embodi-
ment has the same functional structure as the image pro-
cessing unmit 31 (see FIG. 4) according to the first embodi-
ment.

However, 1n this embodiment, data (RAW data) in which
a WB base value used to create processed image data 1s
added as tag information to the processed image data is
stored 1n the main memory 10. That 1s, the processed 1image
data output from the image processing unit 31 (processed
image acquisition unit 44) and the WB base value are
transmitted to the storage control umt (data recording unit)
33 and the storage control unit 33 stores the processed image
data and the WB base value in the main memory (storage
medium) 10 so as to be associated with each other.

FIG. 6 1s a tlowchart illustrating the flow of i1mage
processing according to the second embodiment.

In this embodiment, similarly to the first embodiment (see
FIG. §), a WB gain that 1s most suitable for each pixel of the
original 1mage data 1s acquired (S11), a WB base value 1s
acquired (S12), and a WB ratio indicating the ratio of the
WB gain acquired by the gain acquisition unit 40 to the WB
base value 1s acquired for each pixel of the original image
data (S13). Each pixel value of the original image data is
multiplied by the WB ratio to acquire processed image data
(S14).

However, 1n this embodiment, the processed image data
and the WB base value are output from the image processing
unit 31, are transmitted to the storage control unit 33 through
the butler memory 24 and the compression and decompres-
sion unit 32 under the control of the system control unit 25,
and are stored in the main memory 10 by the storage control
unit 33 (S15q 1n FIG. 6). In the stage 1n which the processed
image data and the WB base value are output from the image
processing unit 31 (processed 1image acquisition unit 44), the
WB base value may be added as tag information to the
processed 1mage data. However, the WB base value 1s not
necessarily transmitted from the image processing unit 31 to
the storage control unit 33 together with the processed image
data. For example, the WB base value may be transmitted
from the system control unit 25 to the storage control unit
33. That 1s, the processed 1mage data to which the WB base
value 1s not added may be output to the 1image processing
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umt 31 (processed 1mage acquisition unit 44) and the WB
base value may be added as tag information to the processed

image data the storage control unit 33.

As described above, according to this embodiment, the
processed image data 1n which the WB gain suitable for each
pixel 1s reflected and the WB base value WBbase are stored
in the main memory 10. Therefore, 1t 1s possible to obtain
appropriate 1mage data (pixel value K_17), to which the WB
gain suitable for each pixel has been applied, just by reading
the processed 1image data and the WB base value WBbase
from the main memory 10 and multiplying each pixel value
P_11 of the processed image data by the WB base value
WBbase, as shown 1n Expression 3.

In this embodiment, 1t 15 not necessary to store a “WB
gain such as a multi-area WB gain most suitable for each
pixel” separately from the processed image data. Therelore,
it 1s possible to obtain 1image data subjected to appropriate
multi-area WB processing subsequently, using the amount of
data stored that 1s substantially the same as that 1n a case 1n
which the WB gain for each pixel 1s not stored.

Third Embodiment

In this embodiment, the detailed description of the same
or similar structure and operation as those in the first and
second embodiments will not be repeated.

FIG. 7 1s a block diagram 1llustrating an example of the
functional structure of an 1mage processing unit 31 accord-
ing to a third embodiment.

The 1image processing unit 31 according to this embodi-
ment includes a light source type determination unit 46 that
determines a light source type of the original 1mage data, 1n
addition to the gain acquisition unit 40, the ratio acquisition
unmit 42, and the processed 1image acquisition unit 44.

A method for determining the light source type of the
original image data 1s not particularly limited. For example,
the light source type determination unit 46 may analyze the
original 1mage data to determine the light source type. In a
case 1n which flash light 1s emaitted to take a photograph, the
light source type determination unit 46 may determine that
the light source types of the original image data include flash
light and environmental light.

Information about the light source type of the original
image data determined by the light source type determina-
tion unit 46 1s transmitted to the gain acquisition unit 40 and
the ratio acquisition unit 42.

The gain acquisition umt 40 acquires the WB gain for
cach pixel of the original image data on the basis of the light
source type of the original image data determined by the
light source type determination unit 46. For example, 1n a
case 1n which the light source type of the original image data
1s flash light and environmental light, the gain acquisition
unit 40 may use predetermined data stored 1n a memory (for
example, the control memory 30 illustrated 1n FIG. 3) as the
WB gain of the type of the source of the flash light. In
addition, the gain acquisition umt 40 may calculate the WB
gain of the type of the source of the environmental light from
flash emission 1mage data and flash non-emission 1mage
data.

The ratio acquisition unit 42 determines a WB base value
on the basis of one light source type included in the light
source types of the orniginal 1image data determined by the
light source type determination unit 46. The ratio acquisition
unmit 42 according to this embodiment determines the WB
base value on the basis of the environmental light of the
original 1mage data determined by the light source type
determination unit 46.
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According to this embodiment, 1n a case 1n which the user
wants to acquire 1mage data to which multi-area WB pro-

cessing 1s to be applied 1n the future, the WB base value 1s
preferably set on the basis of “one light source type (envi-
ronmental light) mncluded in the light source types of the
original 1mage data”. Therefore, the user can sensuously
perform multi-area WB processing, which 1s convenment. For
example, 1n a case 1n which the original 1mage data 1s 1mage
data obtained by capturing a scene while emitting tlash light,
the user can set the WB base value according to a light
source of the background.

Similarly to the first embodiment, the WB base value 1s
not stored 1n the main memory 10. However, the processed
image data may be stored 1n the main memory 10. Similarly
to the second embodiment, the processed 1image data and the
WB base value may be stored in the main memory 10.

Fourth Embodiment

In this embodiment, the detailed description of the same
or similar structure and operation as those 1n the first to third
embodiments will not be repeated.

FIG. 8 1s a block diagram 1llustrating an example of the
functional structure of an 1mage processing unit 31 accord-
ing to a fourth embodiment.

The 1mage processing unit 31 according to this embodi-
ment includes a flash 1mage acquisition unit 48 and a light
source type data acquisition unit 50, in addition to the gain
acquisition unit 40, the ratio acquisition unit 42, the pro-
cessed 1mage acquisition unit 44 and the light source type
determination unit 46.

The flash 1mage acquisition unit 48 acquires flash emis-
s1on 1mage data which 1s captured while tlash light 1s emitted
and flash non-emission 1mage data which 1s obtained by
capturing an image of the same object as that 1n the flash
emission 1mage data, when flash light 1s not emaitted. That 1s,
in this embodiment, when the user presses the shutter button
6 (see FIGS. 1 and 2) in order to acquire the flash emission
image data, the system control unit 25 (see FIG. 3) controls,
for example, the 1imaging element 21, while controlling the
emission of light from the tlash light emitting unit 5, such
that an 1maging process using flash light and an 1maging
process without using flash light are automatically and
continuously performed. The flash 1image acquisition unit 48
acquires the flash emission 1mage data and the flash non-
emission 1mage data captured by these imaging processes.

The light source type data acquisition unit 50 acquires
first 1mage data indicating the influence of environmental
light (first light source type) and second 1mage data indi-
cating the ifluence of tlash light (second light source type).
That 1s, the light source type data acquisition umt 50
acquires the first image data on the basis of the flash
non-emission 1mage data acquired by the flash image acqui-
sition umt 48, using the first light source type as environ-
mental light, and acquires the second 1mage data on the basis
of the flash emission 1mage data, using the second light
source type as flash light.

The first image data and the second 1mage data are not
particularly limited. For example, the “flash non-emission
image data” may be used as the first image data indicating
the influence of environmental light. In addition, “image
data indicating the difference between the pixel values of the
flash emission 1image data and the flash non-emission image
data” may be used as the second image data indicating the
influence of tlash light.

Whether to emat flash light 1s set by the user through the
user mtertace 36 or 1s determined by the system control unit
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25 on the basis of the detection result of a photometric
sensor (not illustrated) that detects the brightness of a
captured scene. In both cases, the system control unit 25 has
information about whether flash light 1s emitted. Therefore,
in a case in which environmental light and flash light are
used as the first light source type and the second light source
type of the original 1mage data as in this embodiment, the
light source type determination unit 46 may acquire the
information about whether flash light 1s emitted from the
system control unit 235 and determine the light source type of
the original 1mage data.

The determination result of the light source type of the
original 1mage data by the light source type determination
unit 46 1s transmitted to the gain acquisition unit 40 and ratio
acquisition unit 42 and the light source type data acquisition
umt 50. The light source type data acquisition unit 50
acquires the first image data and the second 1image data on
the determination result of the light source type determina-
tion unit 46.

In a case 1n which the light source types of the original
image data determined by the light source type determina-
tion unit 46 include environmental light (first light source
type) and flash light (second light source type), the gain
acquisition unit 40 acquires the WB gain for each pixel of
the original 1mage data on the basis of the first image data
and the second 1mage data.

FIG. 9 1s a block diagram 1llustrating an example of the
functional structure of the light source type data acquisition
umt 50 and the gain acquisition unit 40 according to the
fourth embodiment.

In this embodiment, the light source type data acquisition
unit 50 includes an environmental light gain acquisition unit
52, a flash light gain acquisition unit 54, and a flash influence
degree acquisition unit 56.

The environmental light gain acquisition unit 52 acquires
a white balance gain for environmental light (heremafter,
referred to as a “WB gain for environmental light”) which 1s
set 1n a case 1 which the light source type of the original
image data determined by the light source type determina-
tion unit 46 1s environmental light. For example, the envi-
ronmental light gain acquisition unit 52 calculates a WB
gain for an auto white balance mode (hereinatter, referred to
as an “AWB gain”) from the color distribution and bright-
ness value of the flash non-emission 1mage data, using a
general method, and can use the AWB gain as the WB gain
for environmental light. The AWB gain can be calculated by
any method. For example, the environmental light gain
acquisition unit 52 may analyze the flash non-emission
image data to obtain color distribution information from R,
G, and B pixel values and set a gain at which the mean 1s an
achromatic color as the AWB gain (WB gain for environ-
mental light). In addition, the environmental light gain
acquisition unit 52 may obtain brightness distribution infor-
mation from the brightness value of the flash non-emission
image data and determine the AWB gain (WB gain for
environmental light) on the basis of the brightness distribu-
tion information. Furthermore, the WB gain which 1s set for
cach ol a plurality of environmental light types may be
stored 1n a memory, such as the control memory 30, 1n
advance and the environmental light gain acquisition unit 52
may analyze the flash non-emission image data to determine
the type of environmental light, acquire the WB gain related
to the determined type of environmental light from the
memory, and set the WB gain as the WB gain for environ-
mental light.

The flash light gain acquisition unit 54 acquires a white
balance gain for flash light (hereinafter, referred to as a “WB
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gain for tlash light™) which 1s set in a case 1n which the light
source type 1s flash light. For example, since 1t 1s possible to
know the characteristics of flash light 1n advance, the WB
gain for flash light which 1s calculated in advance according
to the characteristics of flash light may be stored mn a
memory, such as the control memory 30, and the flash light
gain acquisition unit 54 may directly or indirectly read the
WB gain for flash light from the memory and acquire the
WB gain for flash light.

The flash influence degree acquisition unit 56 acquires the
degree of influence of tlash indicating the ratio of flash light
to environmental light in each pixel of the original 1image
data. Specifically, the flash intfluence degree acquisition unit
56 acquires the brightness value (heremafter, referred to as
a “first brightness value”) of each pixel of the flash non-
emission 1mage data as the first image data and acquires the
brightness value (hereinatter, referred to as a “second bright-
ness value”) of each pixel of the flash emission 1mage data
as the second 1image data. Then, the flash imnfluence degree
acquisition unit 56 acquires degree of influence of flash on
cach pixel of the original image data from the first brightness
value and the second brightness value.

A method for acquiring each of the first brightness value
and the second brightness value and a method for acquiring
the degree of influence of flash are not particularly limaited.
For example, 1in a case in which the flash emission 1image
data (original image data) and the flash non-emission 1image
data are RGB data, R data, G data, and B data are repre-
sented by “R_177, “G_11”", and “B_17” (where “1” indicates an
X-axis value and *4” indicates a Y-axis value 1n a case in
which a pixel position 1s represented by the X-axis value and
the Y-axis value), respectively, for example, the first bright-
ness value “Y1_11” and the second brightness value “Y2_11”
(where “1” indicates an X-axis value and *9” indicates a
Y-axis value 1n a case in which a pixel position 1s repre-
sented by the X-axis value and the Y-axis value) can be

represented by the following Expressions 4 and 3.

Y1 _1j=R_ijx0.299+G_1jx0.587+5_1jx0.114 [Expression 4]

Y2 1j=R_ijx0.299+G_1jx0.587+5_1jx0.114 [Expression 3]

APl
1

In addition, a flash influence degree Ratio_11 (where
indicates an X-axis value and *¢” indicates a Y-axis value 1n
a case 1n which a pixel position 1s represented by the X-axis
value and the Y-axis value) can be represented by, for
example, the following Expression 6.

Ratio_ij=1-(¥Y1_ij/Y2_ij) [Expression 6]

The gain acquisition unit 40 acquires the WB gain WB_1j
tor each pixel of the original image data from the “WB gain
WB 1 for environmental light” acquired by the environmen-
tal light gain acquisition unit 32 and the “WB gain WB2 for
flash light” acquired by the flash light gain acquisition unit
54, on the basis of the “flash influence degree Ratio_17” (see
Expression 6) acquired by the flash imfluence degree acqui-
sition unit 56. In a case 1 which the flash influence degree
Ratio_1y indicates the influence rate of flash light 1n each
pixel, the WB gain WB_1j for each pixel of the original
image data can be acquired on the basis of, for example, the
following Expression 7.

WB_ij/=WBI1x(1-Ratio_ij}+WB2xRatio_ij [Expression 7]

FIG. 10 1s a flowchart illustrating the flow of 1mage
processing according to the fourth embodiment.

When the user presses the shutter button 6 to take a
photograph, an 1mage of an object 1s captured and the flash
image acquisition umt 48 of the 1mage processing unit 31
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acquires the flash non-emission 1mage data and the flash
emission 1mage data output from the imaging element 21
through the process processing unit 22, the A/D conversion
umt 23, and the buller memory 24 (S21 1 FIG. 10).

Then, the environmental light gain acquisition unit 52 of
the light source type data acquisition unit 50 acquires the
WB gamn WBI1 {for environmental light from the flash
non-emission image data (S22) and the flash light gain
acquisition unit 54 acquires a predetermined WB gain WB2
for tlash light from a memory such as the control memory 30
(S23).

Then, the flash influence degree acquisition unit 56
acquires the brightness value (first brightness value Y1 _17) of
cach pixel of the tflash non-emission 1image data (S24) and
acquires the brightness value (second brightness value
Y2_17) of each pixel of the flash emission 1image data (S235).
Then, the flash influence degree acquisition unit 36 acquires
the flash mfluence degree Ratio 17 for each pixel from the
first brightness value Y1_17 and the second brightness value
Y2 17 (S26).

Then, the gain acquisition unit 40 acquires the WB gain
WB_11 switable for each pixel of the onginal image data

(flash emission 1mage data) from the WB gain WBI1 ifor
environmental light, the WB gain WB2 for flash light, and
the flash influence degree Ratio_11 (827).

Then, the ratio acquisition unit 42 determines the WB
base value WBbase (528) and acquires the WB ratio WBra-
t10_17 for each pixel from the WB gain WB_17 suitable for
cach pixel of the original 1image data and the WB base value
WBbase (529).

Then, the processed 1mage acquisition unit 44 multiplies
cach pixel value V_11 of the original image data (flash
emission 1image data) by the WB ratio WBratio_1j to acquire
processed 1mage data (5S30) and the storage control unit 33
stores the processed 1mage data in the main memory 10
(S31).

In the process flow 1illustrated 1n FIG. 10, similarly to the
first embodiment, the processed 1image data 1s stored 1in the
main memory 10 and the WB base value WBbase 1s not
stored 1in the main memory 10. However, as 1llustrated 1n the
flowchart of FIG. 11, after Steps S21 to S30, similarly to the
second embodiment, the processed 1image data and the WB

base value WBbase may be stored 1n the main memory 10,
(S31a m FIG. 11).

Fitth Embodiment

In this embodiment, the detailed description of the same
or similar structure and operation as those in the first to
fourth embodiments will not be repeated.

This embodiment relates to a process which reads pro-
cessed 1image data from the main memory 10 and applies the
WB base value to the processed image data to obtain
WB-processed 1mage data (hereinafter, referred to as
“white-balance-adjusted 1mage data (WB-adjusted image
data)”) and relates to an example in which the WB base
value 1s read from the main memory 10.

Therefore, for example, the main memory 10 according to
this embodiment stores the processed 1mage data and the
WB base value used to generate the processed image data so
as to be associated with each other, similarly to the pro-
cessed 1mage data stored in the main memory 10 1n the
second embodiment. In addition, an 1mage processing unit
31 according to this embodiment reads the processed image
data and the WB base value which are associated with each
other and performs WB processing.
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The image processing unit 31 illustrated in FIG. 13 may
be provided integrally or separately from the “image pro-

cessing unit 31 (see FIG. 4) including the gain acquisition
unit 40, the ratio acquisition umt 42, and the processed
image acquisition unit 44” described in the second embodi-
ment. Therefore, for example, in a case 1n which the image
processing unit 31 1llustrated 1n FIG. 4 1s provided 1n a
digital camera 2, the image processing unit 31 illustrated 1n
FIG. 13, which will be described below, may be similarly
provided in the digital camera 2. Alternatively, the image
processing unit 31 may be provided 1n a computer 90 or a
server 92 that 1s connected to the digital camera 2 through
a wired or wireless network 94, as illustrated 1n FIG. 12, or
may be provided 1n, for example, the computer 90 that can
be connected to the main memory 10 separated from the
digital camera 2. In addition, the 1image processing unit 31
illustrated in FIG. 13, which will be described below, may
be provided in a portable terminal 96 such as a smart phone
or a tablet terminal which 1s connected to the digital camera
2, the computer 90, or the server 92 and can receive the
processed 1image data.

FIG. 13 1s a block diagram illustrating an example of the
functional structure of the image processing unit 31 accord-
ing to the fifth embodiment.

The 1mage processing unit 31 according to this embodi-
ment includes a processed data acquisition unit 60 and a WB
processing unit 62.

The processed data acquisition unit 60 acquires the “pro-
cessed 1image data acquired by multiplying each pixel value
of the orniginal image data by the WB ratio indicating the
ratio of the WB gain to the WB base value” and the “WB
base value” from the main memory (storage medium) 10.

The WB processing unit 62 multiplies each pixel value
P_11 of the processed image data by the WB base value
WBbase to acquire WB-adjusted image data (pixel value
K_11), as shown in Expression 3.

FIG. 14 1s a flowchart illustrating the flow of image
processing according to the fifth embodiment.

First, the processed data acquisition unit 60 reads the
processed 1mage data from the main memory 10 (541 in

FIG. 14) and reads the WB base value from the main
memory 10 (842).

Then, the WB processing unit 62 multiplies each pixel
value of the processed image data by the WB base value to
acquire the WB-adjusted image data (S43).

As described above, according to this embodiment, even
in a case in which the processed image data i1s read and
acquired from the main memory 10, it 1s possible to acquire
the WB-adjusted 1mage data subjected to multi-area WB
processing. For example, the processed image data (RAW
image data) mn which the WB gain in the multi-area WB
processing has been reflected and the WB base value are
stored 1n the main memory 10. Therefore, 1n a case 1n which
the processed 1mage data (RAW 1mage data) 1s developed,
the user can simply acquire the WB-adjusted image data
subjected to the multi-area WB processing. As such, accord-
ing to this embodiment, it 1s possible to obtain 1image data
subjected to appropriate multi-area WB processing subse-
quently.

Sixth Embodiment

In this embodiment, the detailed description of the same
or similar structure and operation as those in the fifth
embodiment will not be repeated.

This embodiment relates to a process which reads pro-
cessed 1image data from the main memory 10 and applies the
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WB base value to the processed image data to obtain
WB-adjusted image data and relates to an example 1n which
the WB base value 1s estimated and used. Therefore, this
embodiment 1s suitable for, for example, a case 1n which the
WB base value used to generate the processed image data 1s
not stored 1 the main memory 10, similarly to the processed
image data stored in the main memory 10 in the first
embodiment.

FIG. 15 1s a block diagram 1illustrating an example of the
functional structure of an 1mage processing unit 31 accord-
ing to the sixth embodiment.

The 1image processing unit 31 according to this embodi-
ment includes a setting mode acquisition unit 64 and a base
value acquisition unit 66 1 addition to the processed data
acquisition unit 60 and the WB processing unit 62.

The processed data acquisition unit 60 according to this
embodiment acquires the processed image data from the
main memory (storage medium) 10, but does not acquire the
WB base value.

The setting mode acquisition unit 64 acquires information
about a white balance setting mode (hereinatter, referred to
as a “WB setting mode”) when the original 1image data 1s
acquired. A method for acquiring the information about the
WB setting mode 1s not particularly limited. For example, 1n
a case 1n which the information about the WB setting mode
1s included 1n the tag information of the processed image
data, the setting mode acquisition unit 64 may acquire the
information about the WB setting mode from the tag infor-
mation added to the processed 1mage data acquired by the
processed data acquisition unit 60 or may directly acquire
the information about the WB setting mode from the main
memory 10. In a case 1n which the information about the WB
setting mode when the original image data 1s acquired 1s not
stored 1n the main memory 10 with respect to the processed
image data, the setting mode acquisition unit 64 may
assume, for example, an arbitrary WB setting mode (for
example, an auto white balance mode (hereinafter, referred
to as an “AWDB mode™)) as the WB setting mode.

The WB setting mode 1s not particularly limited. For
example, the WB setting mode may be any one of a preset
white balance mode (hereinatter, referred to as a “preset WB
mode”) 1 which the WB gain 1s preset according to a
predetermined light source type (for example, daylight (sun-
light), a fluorescent light, or a light bulb), an AWB mode 1n
which the WB gain applied to the original image data 1s
determined on the basis of the color distribution information
of the original 1mage data, and a custom white balance mode
(hereimafiter, referred to as a “custom WB mode”) in which
the WB gain applied to the original image data 1s determined
on the basis of the color distribution information of refer-
ence 1mage data different from the original image data. In
addition, a manual white balance mode (hereinafter, referred
to as a “manual WB mode”) 1n which the user manually
determines an individual WB gain may be selected as the
WB setting mode.

The base value acquisition unit 66 estimates the WB base
value on the basis of the “the information about the WB
setting mode when the original image data 1s acquired”
which 1s acquired by the setting mode acquisition unit 64.
For example, 1n a case in which the WB setting mode when
the original 1image data 1s acquired 1s the AWB mode, the
base value acquisition unit 66 acquires the AWB gain from
the color distribution of the processed image data acquired
by the processed data acquisition unit 60 and estimates the
WB base value on the basis of the AWB gain. In a case 1n
which the WB setting mode when the original image data 1s
acquired 1s a mode 1n which the WB gain 1s predetermined,
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such as the preset WB mode or the custom WB mode, the
base value acquisition unit 66 acquires the WB gain for the
WB setting mode which 1s stored so as to be associated with
the processed 1mage data and estimates the WB base value
on the basis of the acquired WB gain. A method {for
acquiring “the WB gain for the WB setting mode which 1s
stored so as to be associated with the processed image data”
1s not particularly limited. For example, “the WB gain for
the WB setting mode which 1s stored so as to be associated
with the processed image data” may be acquired from the tag
information of the processed image data acquired by the
processed data acquisition unit 60, the internal parameters of
RAW development soitware, or the information stored in the
server 92.

The WB processing unit 62 multiplies each pixel value of
the processed image data by the WB base value estimated by
the base value acquisition unit 66 to acquire the WB-
adjusted 1mage data (see Expression 3).

FIG. 16 1s a flowchart illustrating the flow of i1mage
processing according to the sixth embodiment.

First, the processed data acquisition unit 60 reads the
processed 1mage data from the main memory 10 and
acquires the processed 1mage data (S51 1n FIG. 16) and the
setting mode acquisition unit 64 acquires the information
about the WB setting mode when the original image data 1s
acquired.

Then, the base value acquisition unit 66 estimates the WB
base value on the basis of the information about the WB
setting mode when the original image data 1s acquired (552).

Then, the WB processing unit 62 multiplies each pixel
value of the processed 1image data by the estimated WB base
value to acquire the WB-adjusted 1mage data (S53).

As described above, according to this embodiment, even
in a case 1 which the processed image data can be acquired
from the main memory 10 and the WB base value cannot be
acquired from the main memory 10, 1t 1s possible to acquire
the WB-adjusted 1image data subjected to multi-area WB
processing.

Seventh Embodiment

In this embodiment, the detailed description of the same
or similar structure and operation as those in the fifth and
sixth embodiments will not be repeated.

This embodiment relates to a process which reads pro-
cessed 1image data from the main memory 10 and applies the
WB base value to the processed image data to obtain
WB-adjusted 1image data. In this embodiment, a desired
white balance processing mode (heremafter, referred to as a
“WB processing mode™) 1s selected by the user and not the
WB base value but the WB gain corresponding to the WB
processing mode selected by the user 1s applied to the
processed 1mage data.

FIG. 17 1s a block diagram illustrating an example of the
functional structure of an 1image processing unit 31 accord-
ing to the seventh embodiment.

The 1mage processing unit 31 according to this embodi-
ment includes a processing mode acquisition unit 70 in
addition to the processed data acquisition unit 60, the WB
processing unit 62, the setting mode acquisition unit 64, and
the base value acquisition unit 66.

The processing mode acquisition unit 70 acquires infor-
mation about the WB processing mode applied to the
processed 1mage data from a processing mode input unit 68.
The term “WB processing mode” 1s a WB mode that 1s
desired by the user. The user inputs the WB mode that 1s

5

10

15

20

25

30

35

40

45

50

55

60

65

24

desired as the actual WB processing for the processed image
data as the “WB processing mode” to the processing mode
input unit 68.

The detailed form of the processing mode input unit 68 1s
not particularly limited. In a case 1n which the processing
mode input unit 68 1s provided 1n the digital camera 2, for
example, the “operating umt 9 (see FIG. 2)” may form the
processing mode input unit 68. In addition, 1n a case in
which the processing mode input unit 68 i1s provided in the
computer 90, the server 92, or the portable terminal 96, the
processing mode input unit 68 can be formed by an arbitrary
operating unit, such as a keyboard, a mouse, or a touch panel
which 1s provided 1n or connected to these types of devices.

The “information about the WB processing mode applied
to the processed 1mage data” acquired by the processing
mode acquisition unit 70 1s transmitted to the base value
acquisition unit 66. In addition, information about the “WB
setting mode of the original 1image data” acquired by the
setting mode acquisition unit 64 1s transmitted to the base
value acquisition unit 66.

The base value acquisition unit 66 acquires the WB base
value on the basis of the information about the white balance
setting mode and the information about the WB processing
mode. That 1s, 1n a case 1n which the WB processing mode
1s determined to be the same as the WB setting mode, the
base value acquisition unit 66 acquires the WB base value on
the basis of the WB setting mode. In a case in which the WB
processing mode 1s determined to be different from the WB
setting mode, the base value acquisition unit 66 acquires the
WB gain on the basis of the WB processing mode. In this
case, for example, the base value acquisition umt 66 may
acquire the WB gain and/or the WB base value from the tag
information of the processed image data stored in the main
memory 10 or may analyze the processed image data
acquired by the processed data acquisition unit 60 to acquire
the WB gain (for example, the AWB gain).

The WB processing unit 62 multiplies each pixel of the
processed 1mage data which has been acquired from the
main memory 10 by the processed data acquisition unit 60
by the WB base value or the WB gain acquired by the base
value acquisition unit 66 to acquire the WB-adjusted image
data.

FIG. 18 1s a flowchart illustrating the flow of image
processing according to the seventh embodiment. Hereinai-
ter, an example 1n which the WB base value used to generate
the processed image data 1s stored as the tag information of
the processed 1mage data 1n the main memory 10 will be
described.

First, the processed data acquisition unit 60 reads the
processed 1mage data from the main memory 10 and
acquires the processed image data (561 in FIG. 18). The
setting mode acquisition unit 64 acquires information about
the WB setting mode when the original image data 1s
acquired from the main memory 10 (S62). The processing
mode acquisition unit 70 acquires information about the WB
processing mode applied to the processed image data (S63).

Then, the base value acquisition unit 66 determines
whether the WB setting mode and the WB processing mode
are the same WB mode (564).

In a case i which the WB setting mode and the WB
processing mode are determined to be the same WB mode
(Y 1n S64), the base value acquisition unit 66 acquires the
WB base value from, for example, the tag information of the
processed 1image data acquired by the processed data acqui-
sition unit 60 (565). Then, the WB processing unit 62
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multiplies each pixel value of the processed image data by
the WB base value to acquire the WB-adjusted image data
(S66).

On the other hand, in a case 1n which the WB setting mode
and the WB processing mode are determined to be different
(N 1n S64), the base value acquisition unit 66 acquires the
WB gain corresponding to the WB processing mode (S67).
Then, the WB processing unit 62 multiplies each pixel value
of the processed 1image data by the WB gain to acquire the
WB-adjusted image data (S68).

As described above, according to this embodiment, 1n a
case 1n which the user wants WB processing in a mode
different from the WB setting mode when the original image
data 1s acquired, 1t 1s possible to acquire the WB-adjusted
image data subjected to WB processing which corresponds
to the WB processing mode desired by the user. In this case,
for example, 1t 1s possible to change the color balance of the
entire image so as to meet the user’s demand while obtaining
the eflect of multi-area WB processing.

In a case 1 which 1t 1s predetermined that the WB base
value 1s determined on the basis of the AWB mode, the
WB-adjusted 1image data may be acquired on the basis of
whether the WB processing mode applied to the processed
image data 1s the AWB mode.

FIG. 19 1s a diagram illustrating a modification example
of the image processing flow of the image processing unit 31
(see FIG. 4) according to the first embodiment. In this
modification example, 1t 1s predetermined that the AWB gain
1s used as the WB base value used to generate the processed
image data. That 1s, the gain acquisition unit 40 illustrated 1n
FIG. 4 acquires the WB gain for each pixel of the original
image data (871 1n FIG. 19) and the ratio acquisition unit 42
analyzes the original image data to acquire the AWB gain
and sets the AWB gain as the WB base value (872). Then,
similarly to the first embodiment (see S13 to S15 1n FIG. 5),
the WB ratio of the WB gain to the WB base value 1s
acquired for each pixel (S73). The value of each pixel is
multiplied by the WB ratio to acquire processed image data
(S74) and the processed image data 1s stored in the main
memory 10 (S75).

FIG. 20 1s a diagram 1llustrating a modification example
of the image processing flow of the image processing unit 31
(see FIG. 17) according to the seventh embodiment. The
image processing unit 31 having the functional structure
illustrated 1n FIG. 17 can perform multi-area WB processing
for the processed 1image data which 1s stored in the main
memory 10 by the image processing tlow 1illustrated 1n FIG.
19 according to the image processing flow illustrated 1in FIG.
20. That 1s, similarly to the seventh embodiment (see S61
and S63 1n FIG. 18), the processed image data 1s read from
the main memory 10 (S81 in FIG. 20) and information about
the WB processing mode 1s acquired from the processing
mode input unit 68 (S82). Then, the base value acquisition
unit 66 (see FIG. 17) determines whether the WB processing,
mode 1s the AWB mode (S83).

In a case 1n which the WB processing mode 1s determined
to be the AWB mode (Y in S83), the base value acquisition
unit 66 analyzes the processed image data to acquire the
color distribution information of the processed 1mage data
(S84), acquires the AWB gain from the color distribution
information, and determines the AWB gain as the WB base
value (S85). Then, the WB processing umt 62 multiplies
cach pixel value of the processed 1image data by the WB base
value to acquire WB-adjusted image data (S86).

On the other hand, in a case 1n which the WB processing
mode 1s determined not to be the AWB mode (N 1n S83), the
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on the WB processing mode, similarly to the seventh
embodiment (see S67 i FIG. 18) (S87), and the WB
processing unit 62 multiplies each pixel value of the pro-
cessed 1mage data by the WB gain to acquire WB-adjusted
image data (S88).

In the modification example illustrated 1n FI1G. 19, the WB
base value used to generate the processed image data may be
stored 1n the main memory 10 so as to be associated with the
processed 1image data (see S75 1n FIG. 19). In this case, the
base value acquisition unit 66 may read the WB base value
stored 1n the main memory 10, instead of acquiring the AWB
gain {rom the color distribution information of the processed
image data (see S84 to S85 in FIG. 20), and the WB
processing unit 62 may apply the WB base value read by the
base value acquisition unit 66 to the processed 1image data to
acquire WB-adjusted 1mage data.

<Other Modification Examples=>

Among the above-described embodiments and modifica-
tion examples, any embodiments and modification examples
may be combined with each other. The above-described
embodiments are 1llustrative and the invention may be
applied to other structures.

For example, only 1n a case 1n which the WB setting mode
when the original 1mage data 1s acquired 1s the AWB mode,
the processed 1image data may be stored 1n the main memory
10 as 1n the first to fourth embodiments. In a case 1n which
the WB setting mode when the original image data 1s
acquired 1s the modes other than the AWB mode, the storage
control unit 33 may store the image data to which the WB
setting mode has been applied in the main memory 10 as
usual, or may store the WB gain for each pixel correspond-
ing to the WB setting mode or the WB gain common to all
of the pixels in the main memory 10 so as to be associated
with the image data.

The processed 1image data may be stored in the main
memory 10 as 1n the first to fourth embodiments, regardless
of the WB setting mode when the original image data is
acquired. In this case, the user can perform multi-area WB
processing for the processed image data read from the main
memory 10 subsequently even 1in a case in which the
multi-area WB processing 1s not scheduled to be performed
in the future when the original image data 1s acquired. In this
case, according to the first to fourth embodiments, the WB
gain for each pixel 1s not stored separately from the image
data and the processed 1image data in which a multi-area WB
gain 1s reflected is stored. Therefore, a large waste of storage
capacity 1s prevented.

That 1s, as described above, a special process or informa-
tion 1s required to perform the multi-area WB processing. In
a case 1n which the user wants to perform the multi-area WB
processing when the original 1image data 1s acquired, 1t 1s
possible to perform a special process for the multi-area WB
processing or to acquire special information when the origi-
nal image data 1s acquired. However, 1n a case in which the
user wants to perform the multi-area WB processing 1n a
stage 1n which, for example, RAW 1mage data 1s developed
after 1maging, a special process for the multi-area WB
processing which 1s required during imaging 1s not per-
formed and information for the multi-area WB processing
which needs to be acquired during 1imaging 1s not acquired.
As a result, 1t 1s difficult to achieve the multi-area WB
processing. For example, 1n a case 1n which the multi-area
WB processing 1s performed for image data, which has been
captured while tlash light 1s emitted 1n a mght portrait scene,
as the original 1mage data, it 1s necessary to also acquire
flash non-emission image data, to acquire the degree of
influence of flash for each pixel from the difference between
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the pixel values of the flash emission 1mage data and the
flash non-emission 1mage data, and to acquire the mixture
ratio (WB ratio) of the WB gain (WB gain for environmental
light) suitable for the background (night scene) and the WB
gain (WB gain for flash light) suitable for flash light for each
pixel according to the degree of influence of flash. However,
even 11 these processes are performed 1n the stage 1n which
RAW 1mage data (original image data) 1s developed, 1t 1s
difficult to acquire the “WB gain for each pixel” for per-
forming multi-area WB processing since only the flash
emission 1mage data 1s stored as the RAW 1mage data and
the flash non-emission 1image data required for multi-area
WB processing 1s absent. Therefore, according to this modi-
fication example 1n which the processed image data 1s stored
in the main memory 10 as 1n the first to fourth embodiments,
regardless of the WB setting mode when the original image
data 1s acquired, even 11 the user wants to perform multi-area
WB processing subsequently, it 1s possible to acquire WB-
adjusted 1mage data subjected to appropriate multi-area WB
processing.

Each of the above-mentioned functional structures can be
implemented by any hardware, software, or a combination
thereot. For example, the invention can also be applied to a
program that causes a computer to perform an 1mage pro-
cessing method (1mage processing procedure) in each of the
above-mentioned devices and processing units (for example,
the 1mage processing unit 31), a computer-readable storage
medium (non-transitory storage medium) that stores the
program, or a computer i which the program can be
installed.

The aspects to which the invention can be applied are not
limited to the digital camera and the computer (server). The
invention can also be applied to cameras having an 1maging
function as a main function and mobile devices having
functions (a calling function, a communication function, and
other computer functions) other than the imaging function 1n
addition to the imaging function. Other aspects to which the
invention can be applied are, for example, mobile phones,
smart phones, personal digital assistants (PDAs), and por-
table game machines with a camera function. Hereinafter, an
example of the smart phone to which the invention can be

applied will be described.

<Structure of Smart Phone>

FIG. 21 1s a diagram 1illustrating the outward appearance
of a smart phone 101. The smart phone 101 illustrated 1n
FIG. 21 comprises a housing 102 with a flat panel shape and
a display mput unit 120 having a display panel 121 as a
display unit and an operation panel 122 as an input unit
which are integrally formed on one surface of the housing
102. The housing 102 comprises a speaker 131, a micro-
phone 132, an operating unit 140, and a camera unit 141.
However, the configuration of the housing 102 1s not limited
thereto. For example, the display unit and the mput unit may
be independently provided, or the housing 102 may have a
folding structure or a sliding structure.

FIG. 22 1s a block diagram illustrating an example of the
structure of the smart phone 101 illustrated in FIG. 21. As
illustrated 1n FIG. 22, the smart phone 101 comprises, as
main components, a wireless communication unit 110, the
display input unit 120, a calling unit 130, the operating unit
140, the camera unit 141, a storage unit 150, an external
input/output unit 160, a global positioning system (GPS)
receiving unit 170, a motion sensor unit 180, a power supply
unit 190, and a main control unit 100. The smart phone 101
has, as a main function, a wireless communication function
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which performs mobile wireless communication through a
base station apparatus and a mobile communication net-
work.

The wireless communication unit 110 performs wireless

communication with the base station apparatus which 1is
accommodated i the mobile communication network 1in
response to an instruction from the main control unit 100.
The wireless communication 1s used to transmit and receive
various types of file data, such as voice data and 1image data,
and electronic mail data or to receive, for example, web data
and streaming data.
The display mput unit 120 1s a so-called touch panel that
displays, for example, images (still 1images and moving
images) or text information to visually transmit information
to the user and detects the user’s operation for the displayed
information under the control of the main control unit 100
and comprises the display panel 121 and the operation panel
122.

The display panel 121 uses, for example, a liquid crystal
display (LLCD) or an organic electro-luminescence display
(OELD) as a display device. The operation panel 122 1s a
device that 1s provided such that an 1mage displayed on a
display surface of the display panel 121 1s visually recog-
nized and detects coordinates operated by a finger of the user
or a stylus. When the device 1s operated by a finger of the
user or a stylus, a detection signal which 1s generated by the
operation 1s output to the main control unit 100. Then, the
main control unit 100 detects an operation position (coor-
dinates) on the display panel 121 on the basis of the received
detection signal.

As 1llustrated in FIG. 21, the display panel 121 and the
operation panel 122 of the smart phone 101 which 1s an
embodiment of the imaging device according to the mnven-
tion are integrated to form the display input unit 120 and the
operation panel 122 1s arranged so as to completely cover the
display panel 121. In a case in which this arrangement 1s
used, the operation panel 122 may have a function of
detecting the user’s operation even 1n a region other than the
display panel 121. In other words, the operation panel 122
may comprise a detection region (hereinaiter, referred to as
a display region) for an overlap portion which overlaps the
display panel 121 and a detection region (heremafter,
referred to as a non-display region) for an outer edge portion
which does not overlap the display panel 121.

The size of the display region may be exactly equal to the
size of the display panel 121. However, the sizes are not
necessarily equal to each other. The operation panel 122 may
comprise two sensitive regions, that 1s, an outer edge portion
and an 1nner portion other than the outer edge portion. The
width of the outer edge portion 1s appropriately designed
according to, for example, the size of the housing 102.
Examples of a position detecting method which 1s used 1n
the operation panel 122 include a matrix switching method,
a resistive film method, a surface elastic wave method, an
infrared method, an electromagnetic induction method, and
a capacitive sensing method. Any of the methods may be
used.

The calling unit 130 comprises the speaker 131 and the
microphone 132. The calling unit 130 converts the voice of
the user which 1s input through the microphone 132 into
voice data which can be processed by the main control unit
100 and outputs the converted voice data to the main control
unit 100. In addition, the calling unit 130 decodes voice data
received by the wireless commumication unit 110 or the
external input/output unit 160 and outputs the decoded voice
data from the speaker 131. As illustrated 1n FIG. 21, for

example, the speaker 131 can be mounted on the same
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surface as the display input unit 120 and the microphone 132
can be mounted on a side surface of the housing 102.

The operating unit 140 1s a hardware key which uses, for
example, a key switch and receives instructions from the
user. For example, as illustrated in FIG. 21, the operating
unit 140 1s a push button switch which 1s mounted on the

side surface of the housing 102 of the smart phone 101, 1s
turned on when 1t 1s pressed by, for example, a finger, and
1s turned off by the restoring force of a spring when the
finger 1s taken off

The storage unlt 150 stores a control program or control
data of the main control unmit 100, application software,
address data which 1s associated with, for example, the
names or phone numbers of communication partners, trans-
mitted and received electronic mail data, web data which 1s
downloaded by web browsing, and downloaded content
data. In addition, the storage unit 150 temporarily stores, for
example, streaming data. The storage unit 150 1ncludes an
internal storage unit 151 which 1s provided in the smart
phone and an external storage unit 152 which has a detach-
able external memory slot. The internal storage unit 151 and
the external storage umit 152 forming the storage unit 150 are
implemented by a storage medium, such as a flash memory,
a hard disk, a multimedia-card-micro-type memory, a card-
type memory (for example, a MicroSD (registered trade-
mark) memory), a random access memory (RAM), or a read
only memory (ROM).

The external mput/output unit 160 functions as an inter-
face with all of the external apparatuses connected to the
smart phone 101 and 1s directly or indirectly connected to
other external apparatuses by communication (for example,
universal serial bus (USB) communication or IEEE1394
defined by the Institute of Electrical and Electronics Engi-
neers, Inc. (IEEE)) or a network (for example, the Internet,
a wireless local area network (LAN), a Bluetooth (registered
trademark) network, a radio frequency 1dentification (RFID)
network, an infrared data association (IrDA) (registered
trademark) network, an ultra wideband (UWB) (registered
trademark) network, or a ZigBee (registered trademark)
network).

Examples of the external apparatus connected to the smart
phone 101 i1nclude a wired/wireless headset, a wired/wire-
less external charger, a wired/wireless data port, a memory
card or a subscriber identity module (SIM) card/user 1dentity
module (UIM) card which 1s connected through a card
socket, an external audio/video apparatus which 1s con-
nected through audio/video mput/output (I/0) terminals, a
wirelessly connected external audio/video apparatus, a smart
phone which 1s connected wirelessly or 1n a wired manner,
a personal computer which 1s connected wirelessly or 1n a
wired manner, a PDA which 1s connected wirelessly or in a
wired manner, and an earphone which 1s connected wire-
lessly or 1n a wired manner. The external input/output unit
may transmit data which 1s received from the external
apparatus to each component of the smart phone 101 or may
transmit data in the smart phone 101 to the external appa-
ratus.

The GPS recerving unit 170 recerves GPS signals trans-
mitted from GPS satellites ST1 to STn and performs a
position measurement process on the basis of the recerved
GPS signals to detect a position including the latitude,
longitude, and height of the smart phone 101, in response to
an 1nstruction from the main control unit 100. In a case 1n
which the GPS receiving unit 170 can acquire positional
information from the wireless communication unit 110 or
the external iput/output unit 160 (for example, the wireless
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LAN), the GPS recerving unit 170 can detect the position
using the positional information.

The motion sensor unit 180 comprises, for example, a
triaxial acceleration sensor and detects the physical move-
ment of the smart phone 101 in response to an instruction
from the main control unit 100. When the physical move-
ment of the smart phone 101 1s detected, the moving
direction or acceleration of the smart phone 101 1s detected.
The detection result 1s output to the main control unit 100.

The power supply unit 190 supplies power which 1s stored
in a battery (not illustrated) to each unit of the smart phone
101 1n response to an instruction from the main control unit
100.

The main control unit 100 comprises a microprocessor,
operates on the basis of the control program or control data
stored 1n the storage unit 150, and controls the overall
operation of each umt of the smart phone 101. The main
control unit 100 has an application processing function and
a mobile communication control function of controlling
cach unit of a communication system in order to perform
volice communication or data communication through the
wireless communication unit 110.

The application processing function 1s implemented by
the operation of the main control unit 100 based on the
application software which 1s stored in the storage unit 150.
Examples of the application processing function include an
infrared communication function which controls the exter-
nal input/output unit 160 such that data communication with
an opposing apparatus 1s performed, an electronic mail
function which transmits and receives electronic mail, and a
web browsing function which browses web pages.

The main control unit 100 has, for example, an 1mage
processing function which displays an image on the display
input unit 120 on the basis of 1image data (still 1mage or
moving 1image data) such as received data or downloaded
streaming data. The 1mage processing function means the
function of the main control unit 100 decoding the image
data, performing image processing on the decoding result,
and displaying the image on the display input umt 120.

The main control unit 100 performs display control for the
display panel 121 and operation detection control for detect-
ing the operation of the user through the operating unit 140
and the operation panel 122.

The main control unit 100 performs the display control to
display a software key, such as an 1con for starting appli-
cation software or a scroll bar, or to display a window for
writing electronic mail. The scroll bar means a software key
for recerving an 1nstruction to move a displayed portion of
an 1mage that 1s too large to fit into the display region of the
display panel 121.

The main control unit 100 performs the operation detec-
tion control to detect the operation of the user input through
the operating unit 140, to recerve an operation for the icon
or the input of a character string to an input field of the
window through the operation panel 122, or to receive a
request to scroll the displayed image through the scroll bar.

In addition, the main control unit 100 has a touch panel
control Tfunction that performs the operation detection con-
trol to determine whether the position of an operation for the
operation panel 122 1s an overlap portion (display region)
which overlaps the display panel 121 or an outer edge
portion (non-display region) which does not overlap the
display panel 121 other than the overlap portion and controls
a sensitive region of the operation panel 122 or the display
position of the software key.

The main control unit 100 can detect a gesture operation
for the operation panel 122 and can perform a predetermined
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function according to the detected gesture operation. The
gesture operation does not mean a simple touch operation

according to the related art, but means an operation which
draws a trace using a finger, an operation which designates
a plurality of positions at the same time, or a combination
thereol which draws a trace for at least one of the plurality
ol positions.

The camera unit 141 1s a digital camera which captures an
image using an imaging element such as a CMOS. In
addition, the camera unit 141 can convert captured image
data mto 1image data which 1s compressed 1n, for example, a
JPEG format, stores the converted image data in the storage
unit 150, and outputs the converted image data through the
external mput/output unit 160 or the wireless communica-
tion unit 110, under the control of the main control unit 100.
As 1llustrated 1n FIG. 21, the camera unit 141 1s mounted on
the same surface as the display input unit 120 in the smart
phone 101. However, the mounting position of the camera
unit 141 1s not limited thereto. For example, the camera unit
141 may be mounted on the rear surface of the display input
unit 120 or a plurality of camera units 141 may be mounted.
In a case 1n which a plurality of camera umts 141 are
mounted, the camera units 141 which are used to capture
images may be switched such that a single camera unit
captures 1mages or the plurality of camera units 141 may be
simultaneously used to capture 1images.

The camera unit 141 can be used for various functions of
the smart phone 101. For example, the image captured by the
camera unit 141 can be displayed on the display panel 121
or the 1mage captured by the camera unit 141 can be used as
one of the operation inputs of the operation panel 122. When
the GPS recerving unmit 170 detects the position, the position
may be detected with reference to the image from the camera
unit 141. In addition, the optical axis direction of the camera
unit 141 1n the smart phone 101 may be determined or the
current usage environment may be determined, with refer-
ence to the 1mage from the camera umt 141, using the
triaxial acceleration sensor or without using the triaxial
acceleration sensor. Of course, the 1mage from the camera
unit 141 may be used in the application software.

For example, the positional information which 1s acquired
by the GPS receiving unit 170, the voice information which
1s acquired by the microphone 132 (for example, the main
control unit may convert the voice mformation nto text
information), and the posture information which is acquired
by the motion sensor unit 180 may be added to the image
data of a still image or a moving 1image and the 1image data
may be stored in the storage unit 150 and may be output
through the external input/output umt 160 or the wireless
communication unit 110.

The image processing unit 31 (see FIGS. 4, 710 9, 13, 15,
and 17) may be implemented by, for example, the main
control unit 100.

EXPLANAITION OF REFERENC.
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21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
40):
42:
44:
46:
48:
50:
52:
54:
56:
60:
62:
04:
66:
68:
70:
90:
92.

imaging element

process processing unit

A/D conversion unit

builer memory

system control unit

shutter driving unit

lens driving unit

power supply control unit
power supply

control memory

image processing unit
compression and decompression unit
storage control unit

clock device

display control unit

user interface

gain acquisition unit

rat1o acquisition unit

processed 1mage acquisition unit
light source type determination unit
flash 1mage acquisition unit

light source type data acquisition unit
environmental light gain acquisition unit
flash light gain acquisition unit
flash 1nfluence degree acquisition unit
processed data acquisition unit
WB processing unit

setting mode acquisition unit
base value acquisition unit
processing mode mput unit
processing mode acquisition unit
computer

server

94: network

96: portable terminal

100: main control unit

101: smart phone

102: housing

110: wireless communication unit
120: display 1nput unit

121: display panel

122: operation panel

130: calling unait

131: speaker

132: microphone

140: operating unit

141: camera unit

150: storage unit

151: internal storage unit

152: external storage unit

160: external mput/output unit

170: GPS receiving unit

180: motion sensor unit

190: power supply unit

What 1s claimed 1s:

1. An 1mage processing device comprising;:

a processor configured to:

acquire a white balance gain for each pixel of original
image data;

determine a white balance base value and acquires a white
balance ratio indicating a ratio of the white balance
gain to the white balance base value for each pixel of
the original 1mage data;

multiply each pixel value of the original image data by the
white balance ratio to acquire processed 1mage data,

determine a light source type of the original image data,
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wherein the processor acquires the white balance gain for
cach pixel of the original image data on the basis of the
light source type of the original 1mage data determined
by the processor;

acquire first image data indicating an influence of a first

light source type and second image data indicating an
influence of a second light source type,
wherein, 1n a case 1n which the light source types of the
original 1mage data determined by the processor
include the first light source type and the second light
source type, the processor acquires the white balance
gain for each pixel of the original 1image data on the
basis of the first image data and the second 1image data;

acquire flash emission image data which 1s captured while
tflash light 1s emitted and flash non-emission 1mage data
which 1s captured when flash light 1s not emitted,

wherein the processor acquires the first image data on the
basis of the flash non-emission 1mage data, using the
first light source type as environmental light, and
acquires the second 1mage data on the basis of the flash
emission image data, using the second light source type
as flash light,

acquire a white balance gain for environmental light

which 1s set 1n a case 1n which the light source type of
the original 1mage data determined by the processor 1s
environmental light;
acquire a white balance gain for flash light which 1s set in
a case 1n which the light source type 1s flash light; and

acquire a first brightness value of each pixel of the tlash
non-emission i1mage data as the first image data,
acquires a second brightness value of each pixel of the
flash emission image data as the second image data, and
acquires a degree of influence of flash for each pixel
from the first brightness value and the second bright-
ness value,

wherein the processor acquires the white balance gain for

cach pixel of the original image data from the white
balance gain for environmental light and the white
balance gain for flash light on the basis of the degree of
influence of flash.

2. The 1image processing device according to claim 1,

wherein the processor determines the white balance base

value on the basis of one light source type which 1s
included 1n the light source types of the original 1mage
data determined by the processor.

3. The image processing device according to claim 2,

wherein the processor determines the white balance base

value on the basis of the environmental light of the
original image data determined by the processor.

4. The 1mage processing device according to claim 1,
wherein the processor stores the processed image data and
the white balance base value 1n a storage medium.

5. An 1mage processing device comprising:

a processor configured to:

acquire processed 1image data, which 1s acquired by mul-

tiplying each pixel value of original 1image data by a
white balance ratio indicating a ratio of a white balance
gain to a white balance base value, and the white
balance base value from a storage medium;

multiply each pixel value of the processed image data by

the white balance base value to acquire white-balance-
adjusted 1mage data;

determine a light source type of the original 1image data,

wherein the processor acquires the white balance gain for

cach pixel of the original image data on the basis of the
light source type of the original image data determined
by the processor;
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acquire first image data indicating an influence of a first
light source type and second 1image data indicating an
influence of a second light source type,

wherein, 1in a case in which the light source types of the
original 1mage data determined by the processor
include the first light source type and the second light
source type, the processor acquires the white balance
gain for each pixel of the original 1image data on the
basis of the first image data and the second image data;

acquire flash emission image data which 1s captured while
tflash light 1s emitted and flash non-emission 1image data
which 1s captured when flash light 1s not emaitted,

wherein the processor acquires the first image data on the
basis of the flash non-emission 1mage data, using the
first light source type as environmental light, and
acquires the second 1image data on the basis of the tlash
emission image data, using the second light source type
as flash light,

acquire a white balance gain for environmental light
which 1s set 1n a case 1 which the light source type of
the original 1mage data determined by the processor 1s
environmental light;

acquire a white balance gain for flash light which 1s set 1n
a case 1 which the light source type 1s tlash light; and

acquire a first brightness value of each pixel of the flash
non-emission image data as the first image data,
acquires a second brightness value of each pixel of the
flash emission 1mage data as the second 1image data, and
acquires a degree of influence of flash for each pixel
from the first brightness value and the second bright-
ness value,

wherein the processor acquires the white balance gain for
cach pixel of the original 1image data from the white
balance gain for environmental light and the white
balance gain for flash light on the basis of the degree of
influence of tlash.

6. An 1image processing device comprising:

a processor configured to:

acquire processed 1mage data, which 1s acquired by mul-
tiplying each pixel value of original image data by a
white balance ratio indicating a ratio of a white balance
gain to a white balance base value that 1s determined on
the basis of a white balance setting mode when the
original 1mage data 1s acquired, from a storage
medium;

acquire information about the white balance setting mode
when the original 1mage data 1s acquired;

estimate the white balance base value on the basis of the
information about the white balance setting mode when
the original 1mage data 1s acquired; and

multiply each pixel value of the processed image data by
the white balance base value estimated by the processor
to acquire white-balance-adjusted 1mage data,

wherein the white balance setting mode 1s any one of a
preset white balance mode 1n which the white balance
gain 1s preset, an auto white balance mode 1n which the
white balance gain applied to the original 1image data 1s
determined on the basis of color distribution 1nforma-
tion of the original image data, and a custom white
balance mode 1n which the white balance gain applied
to the original 1mage data 1s determined on the basis of
color distribution imnformation of reference 1mage data
which 1s different from the original 1image data.

7. An 1mage processing device comprising:

a processor configured to:

acquire processed 1mage data, which 1s acquired by mul-
tiplying each pixel value of original image data by a
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white balance ratio indicating a ratio of a white balance
gain to a white balance base value that 1s determined on
the basis ol a white balance setting mode when the
original 1mage data 1s acquired, from a storage
medium;

acquire information about the white balance setting mode
when the original 1image data 1s acquired;

acquire information about a white balance processing
mode applied to the processed image data;

acquire the white balance base value on the basis of the
white balance setting mode 1n a case 1n which the white
balance processing mode 1s determined to be the same
as the white balance setting mode on the basis of the
information about the white balance setting mode and
the information about the white balance processing
mode and acquires the white balance base value on the
basis of the white balance processing mode 1n a case in
which the white balance processing mode 1s determined
to be different from the white balance setting mode; and

multiply each pixel of the processed image data by the
white balance base value acquired by the processor to
acquire white-balance-adjusted 1image data.

8. The 1image processing device according to claim 1,

wherein the processed 1mage data 1s RAW 1mage data.

9. The image processing device according to claim 1,

wherein the processed 1mage data 1s uncompressed 1image
data.

10. The image processing device according to claim 1,

wherein the processed image data 1s reversibly com-
pressed 1mage data.

11. The image processing device according to claim 1,

wherein the processed 1mage data 1s irreversibly com-
pressed 1mage data.

12. An 1mage processing method comprising:

acquiring a white balance gain for each pixel of original
image data;

determining a white balance base value and acquiring a
white balance ratio indicating a ratio of the white
balance gain to the white balance base value for each
pixel of the onginal 1mage data;

multiplying each pixel value of the original image data by
the white balance ratio to acquire processed 1mage data;

determine a light source type of the original 1image data,

wherein the processor acquires the white balance gain for
cach pixel of the original image data on the basis of the
light source type of the original image data determined
by the processor;

acquire first image data indicating an influence of a first
light source type and second image data indicating an
influence of a second light source type,

wherein, 1n a case 1n which the light source types of the
original 1mage data determined by the processor
include the first light source type and the second light
source type, the processor acquires the white balance
gain for each pixel of the original 1mage data on the
basis of the first image data and the second 1image data;

acquire flash emission image data which 1s captured while
flash light 1s emitted and flash non-emission 1image data
which 1s captured when flash light 1s not emaitted,

wherein the processor acquires the first image data on the
basis of the flash non-emission 1mage data, using the
first light source type as environmental light, and
acquires the second 1mage data on the basis of the flash

emission image data, using the second light source type
as flash light,
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acquire a white balance gain for environmental light
which 1s set 1n a case 1n which the light source type of
the original 1mage data determined by the processor 1s
environmental light;

acquire a white balance gain for flash light which 1s set 1n
a case 1 which the light source type 1s tlash light; and

acquire a first brightness value of each pixel of the flash
non-emission 1mage data as the first image data,
acquires a second brightness value of each pixel of the
flash emission image data as the second image data, and
acquires a degree of influence of flash for each pixel
from the first brightness value and the second bright-
ness value,

wherein the processor acquires the white balance gain for
cach pixel of the original image data from the white
balance gain for environmental light and the white
balance gain for flash light on the basis of the degree of
influence of flash.

13. An 1mage processing method comprising:

acquiring processed 1mage data, which 1s acquired by
multiplying each pixel value of original image data by
a white balance ratio indicating a ratio of a white
balance gain to a white balance base value, and the
white balance base value from a storage medium;

multiplying each pixel value of the processed image data
by the white balance base value to acquire white-
balance-adjusted 1image data;

determine a light source type of the original image data,

wherein the processor acquires the white balance gain for
cach pixel of the original image data on the basis of the
light source type of the original image data determined
by the processor;

acquire first image data indicating an influence of a first
light source type and second 1image data indicating an
influence of a second light source type,

wherein, 1 a case 1n which the light source types of the
original 1mage data determined by the processor
include the first light source type and the second light
source type, the processor acquires the white balance
gain for each pixel of the original 1image data on the
basis of the first image data and the second 1image data;

acquire flash emission 1mage data which 1s captured while
flash light 1s emitted and flash non-emission 1image data
which 1s captured when flash light 1s not emaitted,

wherein the processor acquires the first image data on the
basis of the flash non-emission 1mage data, using the
first light source type as environmental light, and

acquires the second 1image data on the basis of the flash
emission image data, using the second light source type
as tlash light,

acquire a white balance gain for environmental light
which 1s set 1 a case 1n which the light source type of
the original 1image data determined by the processor 1s
environmental light;

acquire a white balance gain for flash light which 1s set 1n
a case 1n which the light source type 1s flash light; and

acquire a first brightness value of each pixel of the flash
non-emission i1mage data as the first image data,
acquires a second brightness value of each pixel of the
flash emission image data as the second image data, and
acquires a degree of influence of flash for each pixel
from the first brightness value and the second bright-
ness value,

wherein the processor acquires the white balance gain for
cach pixel of the original 1image data from the white
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balance gain for environmental light and the white
balance gain for flash light on the basis of the degree of
influence of flash.

14. An image processing method comprising:

acquiring processed i1mage data, which 1s acquired by
multiplying each pixel value of original image data by
a white balance ratio indicating a ratio of a white
balance gain to a white balance base value that is
determined on the basis of a white balance setting mode
when the onginal image data i1s acquired, from a
storage medium;

acquiring information about the white balance setting
mode when the original 1mage data 1s acquired;

estimating the white balance base value on the basis of the
information about the white balance setting mode when
the original 1mage data 1s acquired; and

multiplying each pixel value of the processed image data
by the estimated white balance base value to acquire
white-balance-adjusted 1mage data,

wherein the white balance setting mode 1s any one of a
preset white balance mode 1n which the white balance
gain 1s preset, an auto white balance mode 1n which the
white balance gain applied to the original 1mage data 1s
determined on the basis of color distribution 1nforma-
tion of the original 1image data, and a custom white
balance mode 1n which the white balance gain applied
to the original image data 1s determined on the basis of
color distribution mformation of reference 1image data

which 1s different from the original 1image data.
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15. An 1mage processing method comprising:

acquiring processed image data, which 1s acquired by
multiplying each pixel value of original image data by
a white balance ratio indicating a ratio of a white
balance gain to a white balance base value that is
determined on the basis of a white balance setting mode
when the original image data 1s acquired, from a
storage medium;

acquiring 1nformation about the white balance setting
mode when the original 1mage data 1s acquired;

acquiring information about a white balance processing
mode applied to the processed 1image data;

acquiring the white balance base value on the basis of the
white balance setting mode 1n a case 1n which the white
balance processing mode 1s determined to be the same
as the white balance setting mode on the basis of the
information about the white balance setting mode and
the information about the white balance processing
mode, and acquiring the white balance base value on
the basis of the white balance processing mode 1n a case

in which the white balance processing mode 1s deter-
mined to be different from the white balance setting
mode; and

multiplying each pixel of the processed image data by the
acquired white balance base value to acquire white-
balance-adjusted image data.
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